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UNLEASHING THE 
CREATIVE MIND 


My parents thought I would make a good 
doctor or engineer. I excelled at science and 


math, after all. Instead I chose to pursue 
journalism, even though it seemed better suited for a “creative person” than for me. 
I had a passion for writing but not necessarily a flair, and my early efforts were not 
pretty. Fortunately, as this special edition shows, creativity is not just something you’re 
born with. Most of us have more of it than we realize. 

Some people, of course, have a creative edge from an early age. In “Predicting Ar- 
tistic Brilliance,” on page 12, Jennifer E. Drake and Ellen Winner write about a two- 
year-old who would work meticulously for days ona single drawing and about anoth- 
er child who drew astonishingly realistic dinosaurs by age six. These children have 
what the authors call “a rage to master.” 

What makes some people more creative than others? In “The Unleashed Mind,” 
on page 28, Shelley Carson writes that genetic variations may make some people’s 
brain more open to thoughts, sensations and behaviors that don’t make it past the av- 
erage person’s mental filters. These same variations may also explain why many high- 
ly creative people seem eccentric at times—or even suffer from mental illness. 

Despite these genetic variations, “nurture may still account for the lion’s share of 
genius,” writes Dean Keith Simonton in “The Science of Genius,” starting on page 20. 
Practice, training and exposure to unfamiliar ideas and experiences play essential roles 
in shaping creativity. Even something as simple as living in a big city promotes creativ- 
ity because close contact with other humans breeds new ideas, explains Edward Glae- 
ser in “Engines of Innovation,” on page 102. 

Dreams and imaginative play can also nurture creativity. Dreaming may allow 
ideas to incubate during sleep, leading to inspiration during waking hours, writes Deir- 
dre Barrett in “Answers while You Sleep,” on page 58. Daydreaming can likewise fire 
up neurons that give you access to ideas and solutions hovering below the surface of 
your consciousness, as Josie Glausiusz writes in “Living in an Imaginary World,” on 
page 70. Stimulating the brain with a weak electric current to make the left hemisphere 
less dominant may even boost creative thinking, according to Allan W. Snyder et al. in 
“Switching on Creativity,” on page 108. A panel of experts reveals other powerful tech- 
niques for cultivating originality in “Let Your Creativity Soar,” on page 94. 

As it turns out, creativity is just as important in medicine and engineering as it is 
in journalism. In “Your Fertile Brain at Work,” beginning on page 86, Evangelia G. 
Chrysikou explains how innovation can elevate the careers of chefs, university presi- 
dents, psychotherapists, police detectives, teachers, engineers, architects, attorneys 
and surgeons. We hope this special issue will help you unleash your own creative self. 


Dawn Stover 
Issue Editor 
MindEditors@sciam.com 
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WHERESCREATIVITYsCONVES FROM 


New evidence of ancient 
ingenuity forces scientists 
to reconsider when our 
ancestors started thinking 
outside the box 


FAST FACTS 
CREATIVE CAPACITY 


@ Scientists long thought 
that early humans were 
stuck in a creative rut 
until some 40,000 years 
4 ago, when their powers 
p of innovation seemed 
to explode. 


@ But archaeological 
discoveries made in 
v recent years have shown 
that our ancestors had 
flashes of brilliance far 
earlier than that. 


© These findings 
indicate that the human 
capacity for innovation 
emerged over hundreds 
f of thousands of years, 
, driven by both biological 
and social factors. 


| MIND.SCIENTIFICAMERICAN.COM | 
© 2017 Scientific American a 


uo 


mysterious, otherworldly beauty quite 
unlike any portrait that came before it. To 
produce such a painting, Leonardo devel- 
oped a new artistic technique he called 
sfumato, or “smoke.” Over a period of 
several years he applied translucent glaz- 
es in delicate films—some no more than 
the thickness of a red blood cell—to the 
painting, most likely with the sensitive tip 
of his finger. Gradually stacking as many 
as 30 of these films one on top of another, 
Leonardo subtly softened lines and color 


gradations until it seemed as if the entire 
composition lay behind a veil of smoke. 

The Mona Lisa is clearly a work of in- 
ventive genius, a masterpiece that stands 
alongside the music of Mozart, the jewels 
of Fabergé, the choreography of Martha 
Graham, and other such classics. But 
these renowned works are only the grand- 
est manifestations of a trait that has long 
seemed part of our human hardwiring: 
the ability to create something new and 
desirable, the knack of continually im- 
proving designs and technologies—from 
the latest zero-emissions cars made in 
Japan to the sleekly engineered Falcon 9 
rockets from SpaceX. Modern humans, 
says Christopher S. Henshilwood, an ar- 
chaeologist at the Universities of Bergen 
in Norway and the Witwatersrand, 
Johannesburg, in South Africa, “are 
inventors of note. We advance and exper- 
iment with technology constantly.” 

Just how we came by this seemingly 
infinite capacity to create is the subject of 
intense scientific study: we were not al- 
ways such whirlwinds of invention. Al- 
though our human lineage emerged in 
Africa around six million years ago, ear- 
ly family members left behind little visi- 
ble record of innovation for nearly 3.4 
million years, suggesting that they 
obtained plant and animal foods by 
hand, with tools such as digging or jab- 
bing sticks that did not preserve. Then, 
at some point, wandering hominins 
started flaking water-worn cobblestones 


ia 


with hammerstones to produce cutting 
tools. That was an act of astonishing 
ingenuity, to be sure, but a long plateau 
followed—during which very little seems 
to have happened on the creativity front. 
Our early ancestors apparently knapped 
the same style of handheld, multipurpose 
hand ax for 1.6 million years, with only 
minor tweaks to the template. “Those 
tools are really kind of stereotypical,” 
says Sally McBrearty, an archaeologist at 
the University of Connecticut. 


So when did the human mind begin 
churning with new ideas for technology 
and art? Until recently, most researchers 
pointed to the start of the Upper Paleolith- 
ic period 40,000 years ago, when Homo 
sapiens embarked on what seemed a sud- 
den, wondrous invention spree in Europe: 
fashioning shell-bead necklaces, adorning 
cave walls with geometric signs and paint- 
ings of Ice Age animals, and carving and 
knapping a wide variety of new stone and 
bone tools. The finds prompted a popular 
theory proposing that a random genetic 
mutation at around that time had spurred 
a sudden leap in human cognition, ignit- 
ing a creative “big bang.” 

New evidence, however, has cast grave 
doubt on the mutation theory. Over the 
past decade or so archaeologists have 
uncovered far older evidence of art and ad- 
vanced technology, suggesting that the 
human capacity to cook up new ideas 
evolved much earlier than previously 
thought—even before the emergence of 
H. sapiens 200,000 years ago. Yet 
although our capacity for creativity 
sparked early on, it then smoldered for 
millennia before finally catching fire in 
our species in Africa and Europe. The evi- 
dence seems to indicate that our power of 
innovation did not burst into existence ful- 
ly formed late in our evolutionary history 
but rather gained steam over hundreds of 
thousands of years, fueled by a complex 
mix of biological and social factors. 

Exactly when did humankind begin 
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thinking outside the box, and what fac- 
tors converged to ultimately fan our bril- 
liant creative fire? Understanding this sce- 
nario requires following a detective story 
composed of several strands of evidence, 
starting with the one showing that the 
biological roots of our creativity date back 
much further than scientists once thought. 


Mother of Invention 
Archaeologists have long viewed the 
use of symbols as the single most impor- 


HOUGH OUR CAPACITY FOR CREATIVITY SPARKED EARLY ON, IT THEN SMOLDERED 
MILLENNIA BEFORE FINALLY CATCHING FIRE IN OUR SPECIES IN AFRICA AND EUROPE. 


tant indicator of modern human cogni- 
tion, in large part because it attests to a 
capacity for language—a hallmark human 
trait. Thus, the geometric signs and the 
spectacular cave art of the Upper Paleo- 
lithic clearly signal the presence of people 
who thought as we do. But more recently, 
experts have begun searching for hints of 
other kinds of modern behavior and its 
antecedents in the archaeological record— 
and coming up with fascinating clues. 

Archaeologist Lyn Wadley of the Uni- 
versity of the Witwatersrand, Johannes- 
burg, has spent much of her career study- 
ing ancient cognition, research that led 
her in the 1990s to open excavations at 
Sibudu Cave, some 40 kilometers north of 
Durban, South Africa. At that same site, 
about five years ago, she and her team dis- 
covered a layer of strange, white, fibrous 
plant material there. To Wadley, the pale, 
brittle mash looked like ancient bed- 
ding—rushes and other plants that later 
people often scattered on the ground for 
sitting and sleeping on. But the layer could 
also have formed from wind-borne leaf 
litter. The only way to tell one from the 
other was to encase the entire layer ina 
protective plaster jacket and take it back 
to the laboratory. “It took us three weeks 
to make all that plaster,” Wadley 
recounts, “and I was really grumpy the 
whole time. I kept wondering, ‘Am I wast- 
ing three weeks in the field?’” 

But Wadley’s gamble paid off richly. 
In 2011 she and her colleagues reported in 


IN ORDER OF TIMELINE: COURTESY OF P. J. TEXIER, © MPK/WTAP; COURTESY OF JAYNE WILKINS University of Toronto; COURTESY OF CHRISTOPHER S. HENSHILWOOD 
Universities of Bergen and the Witwatersrand, Johannesburg; COURTESY OF TOVE RUTH SMITH AND SIMEN OESTMO; SASCHA SCHUERMANN Getty Images; 
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FERMENTING GENIUS 


Surprisingly early examples of technological and artistic inven- 


tiveness indicate that human creativity simmered for hundreds 2.6 million 
of thousands of years before reaching a boil around 90,000 to lak ole ago 
60,000 years ago in Africa and 40,000 years ago in Europe. ibiatiare san 


Social factors, including an increase in population size, seem 
likely to have amplified our ancestors’ powers of innovation, 
both by improving the odds that someone in the group would 
come up with a breakthrough technology and by fostering con- 
nectedness between groups that allowed them to exchange 
ideas. This timeline charts the earliest known evidence of key 
innovations leading up to the cultural boiling point. 


1) 


100,000-75,000 
years ago 
Engraved ocher (iron 
oxide) from Blombos 
Cave, South Africa 


Burned bone 


material indicative 


of controlled 


Wonderwerk Cave, 


South Africa 


164,000 years ago 
Heat-treated stone tools 
from Pinnacle Point, 
South Africa 


500,000 years ago 


77,000 years ago 
Insect-repellent 
bedding from 
Sibudu Cave, 

South Africa 


71,000 years ago 
Projectile points from 
Pinnacle Point, 
South Africa 


43,000-42,000 years ago 
Musical instrument (flute) from 
Hohle Fels Cave, Germany 


41,000-37,000 

years ago 

Cave art, including 
hand stencils, from 
EI Castillo, Spain 
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1 million years ago 


Composite tools—in the form 
of stone points that would have 
been affixed to wood shafts— 
from Kathu Pan 1, South Africa 


3.4 million years ago 
Cut-marked animal 
bones from 

Dikika, Ethiopia 


Gona, Ethiopia 


1.76 million years ago 
Bifacial stone tool from 
Turkana, Kenya 


and plant 


fire from 


40,000-30,000 years ago 
Sewing needles from 
Kostenki, Russia 


40,000-35,000 
years ago 
Figurative art: 

the Venus of Hohle 
Fels, Germany 


N 
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Science that Sibudu’s occupants selected 
leaves from just one of many woody spe- 
cies in the area to make bedding 77,000 
years ago—nearly 50,000 years earlier 
than previously reported examples. What 
most surprised Wadley, however, was the 
occupants’ sophisticated knowledge of 
the local vegetation. Analysis showed that 
the chosen leaves came from Cryptocarya 
woodii, a tree containing traces of natu- 
ral insecticides and larvicides effective 
against the mosquitoes that carry deadly 
disease today. “And that’s very handy to 
have in your bedding, particularly if you 
live near a river,” Wadley observes. 

The creative minds at Sibudu did not 
stop there, however. They most likely 
devised snares to capture small antelopes, 
whose remains litter the site, and crafted 
bows and arrows to bring down more 
dangerous prey, judging from the sizes, 
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shapes and wear patterns of several stone 
points from the cave. Moreover, Sibudu’s 
hunters concocted various valuable new 
chemical compounds. By shooting a high- 
energy beam of charged particles at dark 
residues on stone points from the cave, 
Wadley’s team detected multi-ingredient 
glues that once fastened the points to 
wood hafts. She and her colleagues then 
set about experimentally replicating these 
adhesives, mixing ocher particles of dif- 
ferent sizes with plant gums and heating 
the mixtures over wood fires. Publishing 
the results in Science, the team concluded 
that Sibudu’s occupants were very likely 
“competent chemists, alchemists and 
pyrotechnologists” by 70,000 years ago. 

Elsewhere in southern Africa, re- 
searchers have recently turned up traces of 
many other early inventions. The hunter- 
gatherers who inhabited Blombos Cave 
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between 100,000 and 72,000 years ago, 
for example, engraved patterns on chunks 
of ocher; fashioned bone awls, perhaps for 
tailoring hide clothing; adorned them- 
selves with strands of shimmering shell 
beads; and created an artists’ studio where 
they ground red ocher and stored it in the 
earliest known containers, made from 
abalone shells. Farther west, at the site of 
Pinnacle Point, people engineered the 
stone they worked with 164,000 years 
ago, heating a low-grade, local rock 
known as silcrete over a controlled fire to 
transform it into a lustrous, easily knap- 
pable material. “We are seeing behaviors 
that we didn’t even dream about 10 years 
ago,” Henshilwood remarks. 

Moreover, technological ingenuity 
was not the sole preserve of modern hu- 
mans: other hominins possessed a creative 
streak, too. In northern Italy a research 


COURTESY OF LYN WADLEY University of the Witwatersrand, Johannesburg 


team headed by University of Florence 


archaeologist Paul Peter Anthony Mazza 
discovered that our near kin, the 
Neandertals, who first emerged in Europe 
some 300,000 years ago, concocted a 
birch bark-tar glue to fasten stone flakes 
to wood handles, fabricating hafted tools 
some 200,000 years ago. Likewise, a 
study published in 2012 in Science con- 
cluded that stone points from the site of 
Kathu Pan 1 in South Africa once formed 
the lethal tips of 500,000-year-old spears, 
presumably belonging to Homo heidel- 
bergensis, the last common ancestor of 
Neandertals and H. sapiens. And at Won- 
derwerk Cave in South Africa, an ancient 
layer containing plant ash and bits of 
burned bone suggests that an even earlier 
hominin, Homo erectus, learned to kindle 
fires for warmth and protection from 
predators as early as one million years ago. 


Even our very distant ancestors were 
capable on occasion of coining new ideas. 
At two sites near the Kada Gona River in 
Ethiopia, a team led by paleoanthropolo- 
gist Sileshi Semaw of Indiana University 
Bloomington found stone tools—2.6-mil- 
lion-year-old choppers knapped by Aus- 
tralopithecus garhi or one of its contempo- 
raries, likely for stripping meat from ani- 
mal carcasses. Such tools look crude to us, 
a far cry from the smartphones, laptops 
and tablets of today. “But when the world 
consisted solely of naturally formed ob- 
jects, the capacity to imagine something 
and turn it into a reality may well have 
seemed almost magical,” wrote cognitive 
scientist Liane Gabora of the University of 
British Columbia and psychologist Scott 
Barry Kaufman, now at the University of 
Pennsylvania, in a chapter in The Cam- 
bridge Handbook of Creativity (2010). 


ANCIENT WISDOM: 
Painstaking excavation 

of Sibudu Cave in South Africa 
(1) has yielded evidence that 
its inhabitants made bedding 
(2) from insect-repellent 
plants (3) some 77,000 years 
ago—50,000 years before the 
previously known examples 

of this technology appeared. 


Cognition and Creation 

Yet impressive as these early flashes 
of creativity are, the great disparity in the 
depth and breadth of innovation between 
modern humans and our distant fore- 
bears demands an explanation. What 
changes in the brain set our kind apart 
from our predecessors? By poring over 
three-dimensional scans of ancient hom- 
inin braincases and by examining the 
brains of our nearest living evolutionary 
kin—chimpanzees and bonobos, whose 
ancestors branched off from our lineage 
some six million years ago—researchers 
are beginning to unlock this puzzle. 


THE AUTHOR 


HEATHER PRINGLE is a Canadian science 
writer and a contributing correspondent 
for Science. 
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Their data show just how extensively 
human gray matter evolved over time. 
Generally speaking, natural selection 
favored large brains in humans. Whereas 
our australopithecine kin possessed an 
estimated mean cranial capacity of 450 
cubic centimeters, roughly that of some 
chimpanzees, H. erectus more than dou- 


S NOT HOW SMART YOU ARE. 


bled that capacity by 1.6 million years 
ago, with a mean of 930 cubic centime- 
ters. And by 100,000 years ago H. sapi- 
ens had a mean capacity of 1,330 cubic 
centimeters. Inside this spacious brain- 
case, an estimated 100 billion neurons 
processed information and transmitted it 
along nearly 165,000 kilometers of mye- 
linated nerve fibers and across some 0.15 
quadrillion synapses. “And if you look at 
what this correlates with in the archaeo- 
logical record,” says Dean Falk, a paleo- 
neurologist at Florida State University, 
“there does seem to be an association be- 
tween brain size and technology or intel- 
lectual productivity.” 

But size was not the only major change 
over time. At the University of California, 
San Diego, biological anthropologist Kat- 
erina Semendeferi studies a part of the 
brain known as the prefrontal cortex, 
which appears to orchestrate thought and 
action to accomplish goals. Examining 
this region in modern humans and in both 
chimpanzees and bonobos, Semendeferi 
and her colleagues discovered that sever- 
al key subareas underwent a major reor- 
ganization during hominin evolution. 
Brodmann area 10, for example—which 
is implicated in bringing plans to fruition 
and organizing sensory input—nearly 
doubled in volume after chimpanzees and 
bonobos branched off from our human 
lineage. Moreover, the horizontal spaces 
between neurons in this subarea widened 
by nearly 50 percent, creating more room 
for axons and dendrites. “This means 
that you can have more complicated con- 
nections and ones that go farther away, so 
you can get more complex and more syn- 


thetic communication between neurons,” 
Falk comments. 

Pinpointing just how a bigger, reorga- 
nized brain spurred creativity is a tricky 
business. But Gabora thinks that psycho- 
logical studies of creative people today 
supply a key clue. Such individuals are 
excellent woolgatherers, she explains. 


minded them of a flood of other things, 
both important and inconsequential. 
Their survival depended mostly on ana- 
lytic thought—the default mode. So our 
ancestors had to develop a way of switch- 
ing smoothly from one mode to another 
by subtly altering concentrations of dopa- 
mine and other neurotransmitters. 


IT’S HOW WELL CONNECTED YOU ARE.” 


—MARK THOMAS, UNIVERSITY COLLEGE LONDON 


When tackling a problem, they first let 
their minds wander, allowing one mem- 
ory or thought to spontaneously conjure 
up another. This free association encour- 
ages analogies and gives rise to thoughts 
that break out of the box. Then, as these 
individuals settle on a vague idea for a 
solution, they switch to a more analytic 
mode of thought. “They zero in on only 
the most relevant properties,” Gabora 
says, and they start refining an idea to 
make it workable. 

In all likelihood, Gabora notes, a big- 
ger brain led to a greater ability to free- 
associate. More stimuli could be encod- 
ed ina brain made up of many billions of 
neurons. In addition, more neurons could 
participate in the encoding of a particu- 
lar episode, leading to a finer-grained 
memory and more potential routes for 
associating one stimulus with another. 
Imagine, Gabora says, that a hominin 
brushes against a spiny shrub and sharp 
thorns tear its flesh. An australopithecine 
might encode this episode very simply— 
as a minor pain and as an identifiable fea- 
ture of the shrub. But H. erectus, with its 
larger assembly of neurons, could con- 
ceivably encode many aspects of the epi- 
sode. Then, when this hominin begins 
hunting, its need to kill prey might acti- 
vate all memory locations encoding torn 
flesh, bringing to mind the encounter 
with the sharp, pointed thorns. That 
memory, in turn, could inspire a fresh 
idea for a weapon: a spear with a sharp 
pointed tip. 

But large-brained hominins could not 
afford to linger too long in an associative 
state in which one thing immediately re- 


Gabora now hypothesizes that H. sa- 
piens needed tens of thousands of years 
to fine-tune this mechanism before they 
could reap the full creative benefit of their 
large brains, and she and her students are 
testing these ideas on an artificial neural 
network. Through a computer model, 
they simulate the brain’s ability to switch 
between the analytic and associative 
mode to see how it could help someone 
break out of a cognitive rut and see things 
in a new way. “Just having more neurons 
isn’t enough,” Gabora asserts. “You have 
to be able to make use of all that extra 
gray matter.” Once that final piece of the 
biological puzzle fell into place—perhaps 
alittle more than 100,000 years ago—the 
ancestral mind was a virtual tinder box, 
awaiting the right social circumstances to 
burst into flame. 


Building on Brilliance 

In the autumn of 1987 two research- 
ers, both then at the University of Zu- 
rich—Christophe and Hedwige Boesch— 
observed a behavior they had never seen 
before in a group of chimpanzees forag- 
ing for food in Tai National Park in Ivo- 
ry Coast. Near a ground nest belonging 
to a species of driver ants, a female 
stopped and picked up a twig. She dipped 
one end into the loose soil covering the 
nest’s entrance and waited for the colo- 
ny’s soldier ants to attack. When the dark 
swarm had advanced nearly 10 centime- 
ters up the twig, the female chimpanzee 
plucked it from the nest and deftly rolled 
it toward her mouth, snacking on the 
ants. She then repeated the process until 
she had eaten her fill. 
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Chimpanzees are highly adept at 
using a wide range of tools—cracking 
open nuts with stones, sponging up water 
from tree hollows with leaves and un- 
earthing nutritious plant roots with dig- 
ging sticks. But they seem unable to build 
on this knowledge or to craft ever more 
advanced technology. “Chimps can show 
other chimps how to hunt termites,” 
Henshilwood says, “but they don’t 
improve on it, they don’t say, “Let’s do it 
with a different kind of probe’—they just 
do the same thing over and over.” Mod- 
ern humans, in contrast, suffer from no 
such limitations. Indeed, we daily take 
the ideas of others and put our own twist 
on them, adding one modification after 
another, until we end up with something 
new and very complex. No one individu- 
al, for example, came up with all the 
intricate technology embedded in a lap- 
top computer: such technological 
achievements arise from the creative 
insights of generations of inventors. 

Anthropologists call this knack of 
ours cultural ratcheting. It requires, first 
and foremost, the ability to pass on 
knowledge from one individual to anoth- 
er or from one generation to the next, un- 
til someone comes along with an idea for 
an improvement. 

Ina 2012 study published in Science, 
Lewis Dean, a behavioral primatologist 
at the University of St. Andrews in Scot- 
land, and four colleagues revealed why 
human beings can do this and chimpan- 
zees and capuchin monkeys cannot. 
Dean and his team designed an ex- 
perimental puzzle box, with three 
sequential and incrementally difficult lev- 
els: then they presented it to groups of 
chimps in Texas, capuchin monkeys in 
France and nursery schoolchildren in 
England. Only one of the 55 nonhuman 
primates—a chimp—reached the highest 
level after more than 30 hours of trying. 
The children, however, fared far better. 
Unlike the groups of monkeys, the chil- 
dren worked collaboratively—talking 
among themselves, offering encourage- 
ment and showing one another the right 
way to do things. After two and a half 
hours, 15 of the 35 children had reached 
level three. 


Equipped with these social skills and 
cognitive abilities, our ancestors could 
readily transmit knowledge to others—a 
key prerequisite for cultural ratcheting. 
Yet something else was needed to propel 
the ratcheting process and push H. sapi- 
ens to new creative heights in Africa some 
90,000 to 60,000 years ago and in 
Europe 40,000 years ago. Mark Thom- 
as, an evolutionary geneticist at Universi- 
ty College London, thinks this push came 
from demography. His premise is simple. 
The larger a hunter-gatherer group is, the 
greater the chances are that one member 
will dream up an idea that could advance 
a technology. Moreover, individuals in a 
large group who frequently rubbed shoul- 
ders with neighbors had a better chance 
of learning a new innovation than those 
in small, isolated groups. “It’s not how 
smart you are,” Thomas says. “It’s how 
well connected you are.” 

To test these ideas, Thomas and two 
colleagues developed a computer model 
to simulate the effects of demography on 
the ratcheting process. With genetic data 
from modern Europeans, the team esti- 
mated the size of modern human popula- 
tions in Europe at the beginning of the 
Upper Paleolithic, when evidence of hu- 
man creativity started to spike, and cal- 
culated the population density. Then the 
researchers examined African popula- 
tions over time, simulating their growth 
and patterns of migratory activity. Their 
model showed that African populations 
reached the same density as the early 
Upper Paleolithic Europeans around 
101,000 years ago, just before innovation 
began to take off in sub-Saharan regions, 
according to the archaeological record. It 
also showed that large social networks 
actively spur human creativity. 

Archaeological evidence published in 
2012 in Nature sheds light on the tech 
renaissance that followed the rise of pop- 


MORE TO EXPLORE 


ulation density in southern Africa. Some 
71,000 years ago at Pinnacle Point, 
H. sapiens devised and passed down to 
others a complex technological recipe to 
make lightweight stone blades for projec- 
tile weapons—cooking silcrete to a specif- 
ic temperature to improve its flaking qual- 
ities, knapping the finished material into 
blades little more than a couple of centi- 
meters long, and mounting them on wood 
or bone shafts with homemade glue. 
“Like viruses,” note archaeologists Fiona 
Coward of Bournemouth University and 
Matt Grove of the University of Liverpool 
in England in a paper published in 2011 
in PaleoAnthropology, “cultural innova- 
tions need very particular social condi- 
tions to spread—most notably... large 
connected populations who can ‘infect’ 
one another.” 

Which brings us to the jostling, teem- 
ing, intimately linked world we live in 
today. Never before have humans crowd- 
ed together in such massive cities, access- 
ing vast realms of knowledge with a click 
of the keyboard and sharing new con- 
cepts, new blueprints and designs across 
the sprawling social networks of the 
World Wide Web. And never before has 
the pace of innovation accelerated so dra- 
matically, filling our lives with new fash- 
ions, new electronics, new cars, new mu- 
sic, new architecture. 

Half a millennium after Leonardo da 
Vinci conceived of his most celebrated 
work, we marvel at his inventive genius— 
a genius built on the countless ideas and 
inventions of a lineage of artists stretch- 
ing back into the Paleolithic past. And 
even now a new crop of artists gaze at the 
Mona Lisa with an eye to turning it into 
something fresh and dazzlingly creative. 
The human chain of invention remains 
unbroken, and in our superbly connected 
world, our singular talent to create races 
on ahead of us. M 


@ Middle Stone Age Bedding Construction and Settlement Patterns at Sibudu, South 
Africa. Lyn Wadley et al. in Science, Vol. 334, pages 1388-1391; December 9, 2011. 


@ Hominin Paleoneurology: Where Are We Now? Dean Falk in Progress in Brain 


Research, Vol. 195, pages 255-272; 2012. 
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WrH2HE CHESTS COWES PHO 


A “RAGE TO MASTER,” AS OBSERVED IN SOME 
PRECOCIOUS YOUNG ARTISTS, MAY HELP DEFINE 


EXTREME VISUAL CREATIVITY 
By Jennifer E. Drake and Ellen Winner 


y the time he was seven years 
old, Arkin Rai, a child liv- 
ing in Singapore, drew di- 
nosaurs with exquisite real- 
ism. At age three his dinosaurs 
were simple and schematic. A year and 
some months later, however, he created 
a complex drawing in which dinosaurs 
were layered one on top of the other, an 
image that bears an uncanny resem- 
blance to a drawing of horses and a bull 
by the adult Pablo Picasso. 


In Arkin’s fanciful scene, the long, graceful 
neck of an Apatosaurus-like beast obscures the 
view of other dinosaurs. One of them is a Tyranno- 
saurus rex, drawn in profile with one leg mostly 
hidden behind another—an effect called occlusion, 
which most children discover at age eight or nine. 


LUCY SCHAEFFER 


FAST FACTS 
MOTIVATED 
TO MASTER 


O Artistically gifted children 
may see the world differently 
than other youngsters do. 
They are able to discover 
advanced compositional 
techniques many years 
before their peers. 


@ These precocious 
children tend to be self- 
motivated and deeply 
interested in honing 
their skills. 


© These early signs 
and others are helping 
researchers to predict 
which children are likely 
to pursue art as adults. 
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In one and a half years, 
Arkin Rai went from 
creating abstract, 
schematic drawings 
(age 3) to learning 
several advanced 
techniques, such as the 
occlusion of one leg by 
another (age 4 years, 

7 months). His later 
sketches also show 
layering, foreshortening 
and linear perspective. 
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Age 3 


In the ensuing months his drawings became shock- 
ingly realistic. He started using fluid contour lines to 
give figures shape. At age six he was depicting dino- 
saurs fighting and running, using various advanced 
methods to convey the distance between objects. 
Most adults cannot draw anywhere near as re- 
alistically as Arkin can, and we are in awe of such 
technical virtuosity in a young child. Although we 
cannot know if Arkin will develop into a profes- 
sional artist, his drawings and those of children like 
him are helping us study the emergence of artistic 
ability. By examining the artworks of gifted chil- 
dren and the early compositions of adult artists, we 
and other researchers have begun to predict who 
will display great visual creativity later in life. Our 


studies of young artists may also offer insight into 
the development of mastery more generally. 
Exceptional realism, such as that displayed by 
Arkin, is one important sign, but it is not the whole 
story. Not all adult artists drew as convincingly as 
Arkin when they were his age, and some young 
children are now being discovered who show a skill 
for producing nonrepresentational art rather than 
realistic works. We have identified five other char- 
acteristics that we believe foretell artistic creativi- 
ty. A budding artist’s drawings are often well com- 
posed and display either a decorative, colorful as- 
pect or an expressive power. The child also has a 
hunger to look at art, possesses an enormous drive 
to create and wants to be original. Last, we contend 
that outstanding artists, and perhaps geniuses in 
all domains, not only possess innate talent but also 
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Age 4 years, 7 months 


are intrinsically motivated in a way that others may 
not be—something we call the rage to master. 


Birth of a Skill 

Scientists and educators have long sought to de- 
mystify the emergence of expertise, artistic and oth- 
erwise. Many researchers have argued that excep- 
tional achievement can be boiled down simply to 
hard work—about 10,000 hours of it. Studies of 
eminent scientists in the 1950s supported this view 
by underscoring the individuals’ capacity for endur- 
ance, concentration and commitment to effortful 
practice. Benjamin Bloom, a prominent education 
psychologist who studied mastery, wrote in 1985 
that none of his subjects achieved expertise with- 


ECOCIOUS ARTISTS BEGIN TO DRAW REPRESENTATIONALLY BY AGE TWO, 
LEAST ONE YEAR AHEAD OF MOST CHILDREN, WHO DRAW ABSTRACTIONS. 


out a supportive environment and a long and inten- 
sive period of training. This education came first 
from encouraging instructors and later from de- 
manding master teachers. A few years later psy- 
chologist K. Anders Ericsson of Florida State Uni- 
versity conducted studies of experts in piano, vio- 
lin, chess, bridge or athletics. The investigations 
revealed that a person’s level of achievement corre- 
lated strongly with the amount of practice put in. 

These studies, however, have not been able to 
tease apart hard work and innate ability. The chil- 
dren with the most talent may also be the ones most 
interested in an activity, who begin to develop their 
skills at an early age and who work the hardest at 
it. Committing time and energy to a task likely is 
easier when advancement comes quickly but not 
when every step is a painful struggle. 
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COURTESY OF DINESH RAI (Rai family); COURTESY OF ARKIN RAI (dinosaurs) 
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COURTESY OF ELLEN WINNER 


We have tackled this question by 
examining the earliest signs of artistic 
talent. Researchers have long assumed 
that the first inkling of it in humans, 
and especially in the young child, is 
the ability to portray the three-dimen- 
sional world realistically on a two- 
dimensional surface. Art historians 
have been struck by the realism of the 
cave paintings done by our Paleolith- 
ic forebears, leading many to assume 
that this style is the most natural form 
of art. Although most children’s draw- 
ings are schematic, certain young- 
sters, including some with autism, can 


A typical two-year-old’s 
drawing of two apples uses 
two lines. A precocious 
two-year-old draws a circu- 
lar line to capture contour. 


Age 6 


group used foreshortening, in which 
lines not parallel to the picture plane 
are drawn shorter, in their artworks 
by ages seven and eight. Typically de- 
veloping children reached compara- 
ble levels only by ages 13 and 14. 
The ability to draw realistically at 
an early age marks the childhoods of 
many recognized artists. Artist and 
former curator Ayala Gordon observed 
naturalism in the childhood composi- 
tions of 31 Israeli artists. Many famous 
artists’ early drawings have been sin- 
gled out for advanced realism, too, in- 
cluding Picasso, John Everett Millais, 


draw in a highly naturalistic fashion 
from a very early age, mirroring those paintings 
done by our ancestors. We refer to children who 
show an early ability to draw in this manner as pre- 
cocious realists, and we now know a great deal 
about their developmental trajectory. 

Precocious realists begin to draw representa- 
tionally by age two, at least one year ahead of most 
children. The artworks of typically developing 
youngsters are abstractions: an apple is captured 
with a slash, a human body with a circle, a horse’s 
body with a square. Precocious realists produce 
works that are much more optically convincing. 

These children discover on their own how to 
create the illusion of 3-D using depth cues—fore- 
shortening, occlusion, size diminution, shading to 
convey form and, the most difficult technique of all, 
linear perspective—years before most of their peers. 
In a comparison of typical and precocious artists 
published in 1995, psychologist Constance Mil- 
brath, now at the University of British Columbia, 
observed that half of the children in the precocious 


Edwin Henry Landseer, John Singer 
Sargent, Paul Klee and Henri de Toulouse-Lautrec. 
Picasso recalled one of his first drawings in this way: 
“T was perhaps six.... In my father’s house there was 
a statue of Hercules with his club in the corridor, and 
I drew Hercules. But it wasn’t a child’s drawing. It was 
a real drawing, representing Hercules with his club.” 


Different Way of Seeing 

We set out to discover what cognitive differenc- 
es might give these children their edge. Their skill is 
nota matter of intelligence. As we reported in 2010, 
we have observed no relation between realistic 
drawing ability and IQ. This finding is bolstered by 
the cases of autistic “savants” with low IQs, such as 
Nadia, a child discovered at age six who demon- 
strated phenomenal artistic prowess despite severe 
learning disabilities, and Stephen Wiltshire, a man 
with autism who could draw elaborate cityscapes 
from memory after only a brief exposure to a scene. 

What we have found instead is that children 
who draw realistically at an above-average level dif- 
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DESIRE T0 WORK SO HARD AT SOMETHING COMES FROM WITHIN. 
HILD’S INTEREST AND DRIVE CANNOT BE SEPARATED FROM THE TALENT. 


At age 12, avid natu- 
ralist Joel Gilb dis- 
played artistic talent 
but might have been 
using drawing as a tool 
to understand nature. 
Might he become a 
scientist instead? 


16 


fer in their perceptual abilities. They have strong 
observational skills and seem to be able to just see 
the shapes of things, including the distortions that 
occur as objects recede into depth and diminish in 
size. A typical child might see a road as having par- 
allel sides because she knows that a road’s edges are 
parallel, whereas an artistically gifted child over- 
rides her knowledge about the road and sees its sides 
converging in the distance. 

Early artistic aptitude is also strongly associat- 
ed with the ability to focus on the parts of an object 
or scene rather than on the whole. To examine this 
idea, we used a visual and motor skills test called 
the Block Design Task. Children were asked to ar- 
range red and white blocks to match a given pat- 
tern. We gave this task once in traditional format 
and once with the pattern segmented to reveal 
where the block boundaries should be. All partici- 
pants did well on the segmented version. Children 
with realistic drawing ability, however, performed 
much better than other kids on the unsegmented 
version, presumably because they could mentally 
divide a complex form into its parts with ease. 

They also performed better on a task in which 
they were asked to detect small shapes hidden with- 
in figures, a skill that requires analyzing a form by 
its elements. We hypothesize that a focus on com- 
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ponent parts characterizes the process by which re- 
alistic artists draw. They may create a complex 
drawing not by first sketching the global outline but 
by building up their drawings part by part. Thus, 
they may both process and generate a scene witha 
more local focus than do nonartists. 

This local-processing bias is also seen in chil- 
dren with autism. In 1993, for example, psycholo- 
gists Amitta Shah, now a consultant, and Uta Frith 
of University College London found that autistic 
children performed equally well on both versions of 
the Block Design Task. Although a local-processing 
bias is commonly thought of as a characteristic of 
autism, our work has found that this proclivity is 
predicted not by the presence or absence of autism 
but only by the ability to draw realistically. 


Nonrepresentational Painters 

We suspect, however, that producing works in 
a naturalistic style is not the only way to demon- 
strate artistic brilliance. Although most Western 
children identified as gifted in drawing have come 
to our attention by virtue of their precocious real- 
ism, some talented children have mastered a nonre- 
alistic style instead. Psychologist Claire Golomb of 
the University of Massachusetts Boston has de- 
scribed these children, whom she called “colorists,” 
as showing an awareness of form 
and quality and a concern with 
decorative and expressive aspects 
of color, texture and design. These 
artists are more difficult for an un- 
trained eye to spot because their 
drawings may look similar to the 
charming, nonrealistic paintings 
of typical preschoolers. 

We have discovered a child, 
whom we classify as artistically 
gifted, whose paintings are entire- 
ly nonrepresentational. His pro- 
cess did not resemble that of his 
peers, nor did his works. Several 
days shy of his second birthday, 
Arrian began to create colorful ab- 
stract drawings on large, 18- x 24- 
inch pages using Crayola mar- 
kers, concentrating intensely. He 
usually worked on each drawing 
for a day and a half to two days. 
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COURTESY OF JOEL GILB 


COURTESY OF ARRIAN AND REBECCA SMITH (abstract drawing); COURTESY OF BRANDON SMITH (Arrian) 


He filled the entire space densely 
and meticulously. As his mother 
described it: 


One session for Arrian is typ- 
ically a cycle through whatev- 
er set of markers he is using at 
the time. So, if he has a set of 
24 he will systematically go 
through each marker one by 
one.... He often begins with 
some circles all over the page 
and long flowing lines.... 
Once he has his basic draw- 
ing he colors it in systemati- 
cally—almost in quadrants. 


A few months later Arrian’s 
mother noted: 


Ari is obsessed with making 
circles—he tries for hours 
to make the smallest, tightest, 
thinnest circles he can do. 
He tries all kinds of ways of 
holding the marker ... experiments with 
putting his face really close to the page. He 
likes to dangle the marker to get a thin feath- 
er line, but then he tries with his fist to get a 
tighter circle—to hold it properly to gain con- 
trol, and ultimately [he] seems to want to 
achieve some combination of all three to get 
the look he wants. He’s been doing this all 
day for a week—sometimes with just one or 
two colors. 


When Arrian turned three, he discovered view- 
finders. For two weeks he carried around a comb 
through which he inspected the world. He also 
started drawing people at this time, right on track 
with typical development. Notably, he was not 
ahead of the curve in representational skill. He was, 
however, advanced in intensity: after drawing one 
face—a circle with eyes—he went on to draw about 
400 more smiling visages, all in one sitting. The sys- 
tematicity, intensity, focus and meticulous care 
with which Arrian drew set him apart from the typ- 
ical two-year-old scribbler. None of the precocious 
realists we have studied show anything like Arrian’s 
behavior—they progressed rapidly to representa- 
tional drawings and showed no interest in nonrep- 
resentational art. 


A Rage to Master 
Arrian drew constantly and compulsively. So 
do the precocious realists. This kind of rage to mas- 


ter cannot be taught, cajoled or forced. The chil- 
dren we study often have to be dragged away from 
their preferred activities to eat, sleep, go to school 
or be sociable. The desire to work so hard comes 
from within, and it almost always occurs when a 
child can achieve at high levels with relative ease. 
The interest and drive cannot be separated from 
the talent. 

Most gifted child artists do not become artists 
as adults, of course. Many individuals have dis- 
played skill in their early work as great as that of Pi- 
casso, yet only one person became Picasso. The age 
at which extreme realism emerges is also not predic- 
tive: Klee’s drawings at age six were less realistic 
than those of some of the children whose work is re- 
printed in this article, yet he is among the greats. 

Gifted individuals may choose not to pursue art 
for many reasons, but one explanation might have 
to do with the child’s underlying motivation. Some 
precocious realists seem more interested in under- 
standing nature—drawing is their tool. Rocco Roth 
and Joel Gilb exemplify this mindset. Both boys 
pored over nature encyclopedias and field guides. 
Rocco, at age six, was passionate about insects, 


THE AUTHORS 


At age two years 
and three months, 
Arrian (shown 
above) worked for 
five days to create 
this 18- x 24-inch 
painting. He used 
Crayola markers 
to fill the page with 
small marks, some- 
times drawing with 
the right hand 

and sometimes 
with the left. 
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TALENTED TODDLERS? 


arents sometimes believe that their two-year-old is a prod- 
igy because they notice the similarity of their child’s paint- 
ing to that of an abstract expressionist master. Gallery own- 
ers, too, have been fooled by such paintings. In 2011, for exam- 
ple, four-year-old Aelita Andre had an exhibit in New York City and 
was touted as a genius on a par with Jackson Pollock and Was- 
sily Kandinsky. These works, however, are age-typical, and we 
cannot yet call their maker artistically gifted—even if we find the 
paintings pleasing and superficially similar to works by abstract 
expressionists. (The 2007 film My Kid Could Paint That, directed 
by Amir Bar-Lev, asks whether parents and gallery owners are 
fooling the public into thinking these works are signs of genius.) 
Other children, however, truly are precocious artists. Parents 
can nurture such giftedness when it exists. In the early years 
parents can encourage art-making behavior, provide high-quality 
art supplies, and take the child to museums and expose him or 
her to the range of styles in which artists have worked. Given the 
lack of attention and time devoted to art education in most 
schools, the opportunity to study art formally outside of school 
very likely is critical if the child is to go on to become an artist. In 


2011 then curator Ayala Gordon reported that almost all the 
31 Israeli artists whose childhoods she studied had begun taking 
art lessons outside of school with artist-teachers by age 10. It 
was in these classes that they began to identify themselves as 
artists and to discover others like themselves. —J.E.D. and E.W. 


seeds, leaves and vegetables. He collected speci- } The child shows a hunger to look at art, whether in 


mens and then drew and labeled each one. Joel had | museums or books, and hence manifests a deep in- 
memorized the Kaufman Field Guide to Birds of 


North America by the time he was 12 years old and 


terest in art. The young artist also has enormous 
drive—a rage to master. Finally, and perhaps most 
made meticulous copies of these drawings. Such | important, the child has a desire not just to make 
children may eventually become scientists rather | excellent art but to be original and innovative. 
than artists. We can even speculate that realistic drawing 
Beyond a realistic drawing skill, we have iden- | skill might not be necessary. Because so few non- 
tified five other commonalities that are likely to be | realistic child prodigies have been identified, we do 
predictive of becoming an artist. The child’s draw- | not yet know the answer to this question. Children 
ings have an interesting, arresting composition and | who paint abstractly may be more unconventional 
decorative, aesthetic features or expressive power. | and playful. They may more readily think out of the 


box and are thus perhaps more likely than the real- 


ists to think like true artists. 


MORE TO EXPLORE As art historian Ernst Gombrich wrote in 1960 


@ Normal and Anomalous Representational Drawing Ability in Children. in Art and Illusion, ie classic oat on the history of 
Lorna Selfe. Academic Press, 1983. art froma psychological perspective, realism is only 


@ Eytan: The Early Development of a Gifted Child Artist. Claire Golomb in one thin slice of the art that humans have produced 


Creativity Research Journal, Vol. 5, No. 3, pages 265-279; 1992. 
@ Gifted Children: Myths and Realities. Ellen Winner. Basic Books, 1996. 


over the centuries. There may be more than one 
route to a career in art—one that begins with a striv- 


-_ ee ere nea: ate ing toward realism and another that emerges from 
@ “Autistic” Local Processing Bias Also Found in Children Gifted in Realistic 


Drawing. Jennifer E. Drake et al. in Journal of Autism and Developmental 
Disorders, Vol. 40, No. 6, pages 762-773; June 2010. 


a nonrepresentational exploration of form and col- 
or. As studies of children gifted not only in art but 


@ Children Gifted in Drawing: The Incidence of Precocious Realism. Jennifer E. also in math, science, languages, chess and athlet- 


Drake and Ellen Winner in Gifted Education International, Vol. 29, No. 2, 
pages 125-129; May 2012. 


@ Watch Arrian, a precocious nonrepresentational artist, draw in this video: 
www.youtube.com/watch?v=hyJBOshXoDO 


ics have shown, what really predicts high achieve- 
ment is the lucky combination of an ease of learn- 
ing, an obsessive focus and a deep motivation to 
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pursue an activity. M 
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90 YOU WANT 10 BE 
A GENIUS 


WHEN IT COMES TO CULTIVATING GENIUS, 
TALENT MATTERS, BUT MOTIVATION MAY 
Vo 0 By Daisy Yuhas 


ot motivation? Without it, the long, 
difficult hours of practice that elevate 
some people above the rest are excru- 
ciating. But where does such stamina 

come from, and can we have some, too? 
Psychologists have identified three critical elements 
that support motivation, all of which you can tweak 
to your benefit. 


Autonomy 

Whether you pursue an activity for its own sake or because 
external forces compel you, psychologists Edward L. Deci and 
Richard M. Ryan of the University of Rochester argue that you 
gain motivation when you feel in charge. In evaluations of stu- 
dents, athletes and employees, the researchers have found that 
the perception of autonomy predicts the energy with which in- 
dividuals pursue a goal. 

In 2006 Deci and Ryan, with psychologist Arlen C. Moller, 
designed several experiments to evaluate the effects of feeling 
controlled versus self-directed. They found that subjects given 
the opportunity to select a course of action based on their own 
opinions (for example, giving a speech for or against teaching 
psychology in high school) persisted longer in a subsequent 
puzzle-solving activity than participants who were either given 
no choice or pressured to select one side over another. Deci and 
Ryan posit that acting under duress is taxing, whereas pursuing 
a task you endorse is energizing. 


Value 

Motivation also blossoms when you stay true to your beliefs 
and values. Assigning value to an activity can restore one’s sense 
of autonomy, a finding of great interest to educators. In a 2010 
review article, educational psychologists Allan Wigfield of the 
University of Maryland and Jenna Cambria, now at the Univer- 
sity of Arkansas, noted that several studies have found a positive 
correlation between attaching value to a subject in school anda 
student’s willingness to investigate a question independently. 

The good news is that value can be modified. In 2009 Uni- 
versity of Virginia psychologist Christopher S. Hulleman de- 
scribed a semester-long intervention in which one group of high 
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Practice makes 
perfect, but finding 
the personal where- 
withal to start can 
be daunting. Proved 
techniques can help 
build motivation. 


school students wrote about how science re- 
lated to their lives and another group simply 
summarized what they had learned in science 
class. The most striking results came from stu- 
dents with low expectations of their perfor- 
mance. Those who described the importance 
of science in their lives improved their grades more and report- 
ed greater interest than similar students in the summary-writ- 
ing group. In short, reflecting on why an activity is meaningful 
could make you more invested in it. 


Competence 

As you devote more time to an activity, you notice your 
skills improve, and you gain a sense of competence. In 2006 
psychologists at the Democritus University of Thrace and the 
University of Thessaly in Greece surveyed 882 students on their 
attitudes and engagement with athletics during a two-year 
period. They found a strong link between a student’s sense of 
prowess and his or her desire to pursue sports. The connection 
worked in both directions—practice made students more likely 
to consider themselves competent, and a sense of competence 
strongly predicted that they would engage in athletic activity. 
Similar studies in music and academics bolster these findings. 

Carol S. Dweck, a psychologist at Stanford University, has 
shown that competence comes from recognizing the basis of 
accomplishment. In numerous studies, she has found that those 
who credit innate talents rather than hard work give up more 
easily when facing a novel challenge because they assume it 
exceeds their ability. Believing that effort fosters excellence can 
inspire you to keep learning. 

The next time you struggle to lace up your sneakers or park 
yourself at the piano bench, ask yourself what is missing. Often 
the answer lies in one of these three areas—feeling forced, find- 
ing an activity pointless or doubting your capabilities. Tackling 
such sources of resistance can strengthen your resolve. The 
choice, of course, is yours. M 
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dentifying genius is a dicey venture. Con- 
sider, for example, this ranking of “The 
Top 10 Geniuses” I once stumbled across 
on Listverse.com. From first to last place, 
here are the honorees: Johann Wolfgang von 
Goethe, Leonardo da Vinci, Emanuel Swedenborg, 
Gottfried Wilhelm Leibniz, John Stuart Mill, Blaise 
Pascal, Ludwig Wittgenstein, Bobby Fischer, Galileo 
Galilei and Madame de Staél. 


What about Albert Einstein instead of Swedenborg? Some of the 
living might also deserve this appellation—Stephen Hawking comes 


to mind. Another female genius or two might make the cut, perhaps 
Marie Curie or Toni Morrison. And if a chess champion, Fischer, is 
deemed worthy, other geniuses outside the arts and sciences ought to 
deserve consideration—Napoleon Bonaparte as a military genius, 
Nelson Mandela as a political genius or Bill Gates as an entrepreneur- 
ial genius, to name a few candidates. 

All these questions and their potential answers can make for some 
lively cocktail party conversations. What they reveal is how little we 
understand about the origins of intellectual and creative eminence. 
Explorations of this age-old debate have long sought to tease out the 
common features of geniuses working in disparate domains. The 
existence of unifying threads—including genetic factors, unusually 
broad interests and a link with psychopathy—suggests that the mind 
of a genius has a discernible shape and disposition. 


FAST FACTS 
GENIUS, DEFINED 


© Genius has been viewed 

two different ways: as achieved 
eminence and as exceptional 
intelligence. The former metric 
offers the more useful definition. 


@ Genetics and life experiences 
both contribute to genius. Creative 
contributions can occur only after 
a domain has been mastered, 

but genetics can help a person 
improve faster and accomplish 
more with a given amount 

of expertise. 


© Genius can share certain poten- 
tially negative traits with mental 
illness, but when these traits are 
combined with specific positive 
attributes, the result is creativity 
rather than psychopathology. 


6 A scientific genius has dif- 
ferent expertise than an artistic 
genius, but all creative geniuses 
may depend on the same general 
process: blind variation and 
selective retention. 
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Psychologists often assess geniuses by their achievements, such as painting the Sistine Chapel, rather than by IQ scores. 


Ultimately the goal is to explain how 
an eminent thinker arrives at his or her 
world-changing moment, or moments, 
of insight. Although such breakthroughs 
often seem to appear in a flash, the un- 
derlying mechanisms are likely to be 
much more orderly. According to one 
theory I helped to develop, a genius hunts 
widely—almost blindly—for a solution 
to a problem, exploring dead ends and 
backtracking repeatedly before arriving 
at the ideal answer. This line of research 
is helping us to investigate whether 
genius can be cultivated, unleashing a 
wealth of new ideas for the benefit of all. 


The Meaning of Genius 

The first hurdle in the study of genius 
is to settle on a working definition. The 
word itself harks back to ancient Roman 
mythology, according to which every 
male was born with a unique genius that 
served as a kind of guardian angel, and 
every female had a juno. Much later, after 


22 | 


the Renaissance, the word became more 
exclusive in its application, with only a 
few people showing genius. Philosopher 
Immanuel Kant believed, for example, 
that a genius was someone who pro- 
duced works that were both original and 
exemplary. The term did not acquire sci- 
entific meaning until the late 19th centu- 
ry, when psychologists came to define 
genius in two distinct ways. 

The first approach was to identify 
genius with exceptional achievement, as 
Kant did. These accomplishments elicit 
admiration and emulation from other 
experts in that field and often the world 
at large. Unquestioned examples of such 
works include Newton’s Principia, 
Shakespeare’s Hamlet, Tolstoy’s War 
and Peace, Michelangelo’s Sistine Cha- 
pel frescoes and Beethoven’s Fifth Sym- 
phony. Even though this definition can 
be extended to encompass extraordinary 
leadership, such as military brilliance, 
and prodigious performance, including 
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some chess grandmasters, most scientif- 
ic research concentrates on outstanding 
creativity within the sciences or the arts, 
which will also be the focus here. 

The second definition of genius coin- 
cided with the emergence of intelligence 
tests in the first half of the 20th century. 
A genius was someone who scored suffi- 
ciently high ona standard IQ test—usual- 
ly landing in the top 1 percent, with a 
score above 140, as proposed by psychol- 
ogist Lewis Terman, the formulator of 
one of the original intelligence tests. 
These two definitions have little in com- 
mon. Many persons with superlative IQs 
do not produce original and exemplary 
accomplishments. One example is Mari- 
lyn vos Savant, who was once certified by 
the Guinness Book of World Records as 
having the highest recorded IQ of any liv- 
ing person. Her weekly Ask Marilyn col- 
umn for a Sunday newspaper supplement 
did not inspire a new genre of science, art 
or even journalism. And many exception- 


FRANK HEUER Redux Pictures 


al achievers do not attain genius-level IQs. 
William Shockley, for example, received 
a Nobel Prize in Physics for coinventing 
the transistor yet had an IQ score well 
below 140. Exceptional achievement, 
then, seems the more useful measure. 


Too often in popular writing, genius 
is conceived as a discrete category—this 
person is a genius, but that person is not. 


Yet just as people can vary in IQ, they 
can also differ in the magnitude of their 
creative achievements, with either a sin- 
gle notable contribution or a lifetime of 
prolific work. One such “one-hit won- 
der” is Gregor Mendel, who attained 
lasting fame for a single paper that 
reported his classic experiments in genet- 
ics. Had Mendel never taken an interest 
in breeding peas, his name would be 
unknown today. Charles Darwin’s fame, 
in contrast, rests on far more than On 
the Origin of Species. Nobel laureate 
Max Born once said that Einstein 
“would be one of the greatest theoretical 
physicists of all time even if he had not 
written a single line on relativity.” 
Hence, Darwin and Einstein exhibited 
greater genius than did Mendel. Accord- 
ingly, much research is devoted to assess- 
ing relative degrees of genius—most 
often gauged by creative productivity. 


Origins of Genius 

Finding the sources of consummate 
creativity has occupied the minds of phi- 
losophers and scientists for centuries. In 
1693 English poet John Dryden wrote, 
“Genius must be born, and never can be 
taught.” Two and a half centuries later 
French author Simone de Beauvoir coun- 
tered, “One is not borna genius, one be- 
comes a genius.” The first scientific in- 
vestigation devoted exclusively to genius 
concerned this precise issue. In 1869 
Francis Galton published Hereditary 


SCIENCE SOURCE 


Genius, in which he argued that genius 


is innate, based on his observations that 
geniuses tend to emerge from lineages 
that included other brilliant individuals. 
In response to criticisms, Galton later in- 
troduced the well-known nature-nur- 
ture issue. He conducted a survey of 
famous English scientists to discover 
some of the environmental variables 


involved in nurturing brilliance, and he 


[USES ARE LIKELY TO EXHIBIT UNUSUALLY WIDE 
RESTS AND HOBBIES, OFTEN CONTRIBUTING 10 
E THAN ONE DOMAIN OF EXPERTISE. 


examined factors such as birth order 
and education. 

By the second half of the 20th centu- 
ry psychologists had moved to an ex- 
treme nurture position, in which cre- 
ative genius rested solely on the acquisi- 
tion of domain expertise. This idea was 
frequently expressed as the “10-year 
rule.” Nobody can ex- 
pect to reach the heights 
of creativity without 
mastering the necessary 
knowledge and skill be- 
cause only experts can 
create—or so the thinking 
went. Indeed, Einstein 
learned lots of physics be- 
fore he commenced his 
creative career. 

This explanation can- 
not account for all the 
details, however. First, 
geniuses often spend less time acquiring 
domain expertise than their less creative 
colleagues. Studies have linked acceler- 
ated acquisition with long, prolific and 
high-impact careers. The 10-year rule is 
an average with tremendous variation 
around the mean. Further, major break- 
throughs often occur in areas where the 
genius must create the necessary exper- 


THE AUTHOR 


tise from scratch. Telescopic astronomy 
did not exist until Galileo pointed his 
new instrument toward the night sky to 
discover what had never been seen be- 
fore nor even expected. The moon had 
mountains, Jupiter had moons and the 
sun had spots! 

Second, geniuses are more likely to 
exhibit unusually wide interests and hob- 
bies and to display exceptional versatility, 
often contributing to more than one 
domain of expertise. This tendency not 
only was true in the era of Renaissance 
men but also is evident today. According 
to a 2008 study, Nobel laureates in sci- 
ence are more involved in the arts than 
less eminent scientists. Given that genius- 
es might not sleep any less than the rest of 
us, these extraneous activities would seem 
to distract from a dogged focus on a nar- 
row field of interest. Einstein slept even 
more hours than the norm, but he still 
took time off to play Bach, Mozart and 
Schubert on his violin. At times these avo- 
cational activities inspire major insights. 
Galileo was probably able 
to identify the lunar 
mountains because of his 
training in the visual arts, 
particularly in the use of 


To build the two-lens 
telescope he used to 
survey the skies, Galileo 
had to first learn how 

to grind his own lenses 
and discover the optimal 
lens combination. 


chiaroscuro to depict light and shadow. 

The expertise acquisition theory 
also undervalues the genetic compo- 
nents that underlie a large number of 
cognitive abilities and personality traits 
that correlate with genius. In a 2008 
meta-analysis, I found that at least 20 
percent of the variation in creativity 
could be attributed to nature. For exam- 
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n 1926 Catharine Cox estimated the IQs of 301 

eminent individuals. Using biographical data on 

early intellectual development, she and her collabo- 
rators calculated IQ using the formula IQ = 100 x MA/ 
CA, where MA = mental age and CA = chronological 
age. Some representative results are shown here. (The 
actual scores are taken from a secondary analysis of 
her data that | published with Anna V. Song of the Uni- 
versity of California, Merced.) These rankings illustrate 
the value of using achieved eminence, rather than intel- 
ligence test scores, as a measure of genius. Philoso- 
pher George Berkeley, for example, did not leave a 
greater mark on the world than Newton or Leonardo. 
Further, eight of these creative geniuses have IQs be- 
low the “genius threshold” of 140. 


Isaac René Charles . 
460s Newton Descartes Dickens _| Michelangelo 
150s Johannes Baruch Michel Leonardo poteaTe 
Kepler Spinoza de Montaigne da Vinci Mozart 
Charles Emanuel a Peter Paul Ludwig van 
a0s Darwin Swedenborg Moliere Rubens Beethoven 
Nicolaus Jean-Jacques Rembrandt Gioachino 
130s Copernicus Rousseau Robert Burns van Rijn Rossini 
- Bartolomé Cristoph 
Miguel ae 
120s MeIGanantee renee Willibald 
—D.K.S. urillo Gluck 


ple, creative achievement is strongly as- 
sociated with the personality trait of 
openness to experience, a highly herita- 
ble characteristic. The broad interests in 
art and music of many geniuses are clear 
manifestations of this trait. Many other 
predictors of achievement also have high 
heritabilities, such as cognitive and be- 
havioral flexibility, along with a toler- 
ance of ambiguity and change. 
Nurture may still account for the 
lion’s share of genius, and mastering a 
domain remains central. At the same 
time, genetics contributes heavily to the 


rate at which someone acquires the nec- 
essary skills and knowledge. Those with 
more innate talent can improve faster, 
launch their careers earlier and be more 
productive. In addition, genetics may 
help explain the different trajectories of 
equally well-trained individuals. Einstein 
did not know as much physics as many of 
his contemporary theoretical physicists, 
but what he did know went a long way. 
He could honestly say, “Imagination is 
more important than knowledge.” 
These influences are just a few of the 
ways genetics shapes the potential for 


genius. Let it suffice to note that I have 
probably understated the impact of 
genes on genius. 


Madness and Magnificence 

Researchers have long been tanta- 
lized by the question of whether the bio- 
logical endowment of a genius also con- 
fers great setbacks. Greek philosopher 
Aristotle is reputed to have said, “Those 
who have become eminent in philo 


politics, poetry and the 
tendencies toward 


WHEN HIGH IQS HANG OUT 


“Genius” societies offer a social network for the top tier of test takers By. 


evin Langdon was writing several books and designing an 
inside-out clock. Karyn Huntting Peters was organizing a 
global problem-solving network. Alfred Simpson juggled 
multiple Web-programming projects in his free time. These three 
people might not have had much in common—except for their 


unusually high IQs. 


All three belong to exclusive high-IQ societies. Mensa Inter- 
national, whose members’ test scores must land above the 98th 
percentile (or one in 50), may be the most popular, but it is just 
one option for the discerning test taker. The Triple Nine Society 
demands an IQ in the 99.9th percentile, whereas the Mega Soci- 
ety cuts off at the 99.9999th percentile (one in one million). The 


who serves aS 


Although members of IQ societi 
they often join in search of a se 
a lot of people refer to them- 
selves as aliens until they 
found a group like 
this,” says Peters, 


Mensa Intertel Poetic Genius Cerebrals Triple Nine Society 
memberless Grail Society claims to accept one in 100 billion peo- ap 1/100 1/200 +1300) 1/1,000 
ple—no one has applied so far. 
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the 19th and 20th centuries at the hands 
of psychiatrists and psychoanalysts. 
Among the great writers, Virginia 
Woolf, Anne Sexton and Sylvia Plath all 
committed suicide. Vincent van Gogh 
did as well, and earlier he had cut off part 
of his ear to give to a prostitute. Newton 
sometimes suffered from extreme para- 
noia, and Galileo, possibly an alcoholic, 
was often bedridden with depression. 
Nevertheless, many psychologists have 
argued that such cases are the excep- 
tions, not the rule. Some positive psy- 
chologists today consider creative genius 
a human strength or virtue. 

My 2005 review of the literature, 
which summarized studies with varied 
methodologies, indicates that the asso- 
ciation between genius and mental ill- 
ness has considerable strength. Very 
creative writers tend to obtain higher 
scores on the psychopathology-related 
parts of the Minnesota Multiphasic Per- 
sonality Inventory, a widely accepted per- 
sonality test. A study using another 
instrument, the Eysenck Personality 
Questionnaire, found that extremely cre- 
ative artists—and high-impact psycholo- 
gis 


er—tend to receive 


on sections of the Cattell 16 Personality 
Factor Questionnaire that signify they 
are withdrawn, solemn, internally preoc- 
cupied, precise and critical. All told, top 
performers are not a very normal bunch. 

Psychiatric studies bolster these re- 
sults. The rate and intensity of certain 


THE RATE AND INTENSITY OF CE 
PSYCHOPATHIC SYMPTOMS ARE NOTICEABLY HI 
IN VERY CREATIVE PEOPLE THAN IN OT 


psychopathic symptoms, such as depres- 
sion and alcoholism, are noticeably 
higher in very creative individuals than 
in the general population. Research also 
suggests that these divergent thinkers 
are more likely to come from family lines 
that are at higher risk for psychopathol- 
ogy. Even if an extraordinary innovator 
is “normal,” his or her family members 
may not be. 

In line with these findings, in 2009 
psychiatrist Szabolcs Kéri, then at Sem- 
melweis University in Hungary, found a 
genetic basis for both creativity and psy- 
chosis in a variant of the neuregulin 1 
gene. In this study, Kéri recruited a group 
of highly creative individuals and found 


| that the participants who had this specif- 


ene variant, which is linked with an 


increased risk of developing a mental dis- 
order, also scored higher on measures 
of creativity. 

Out-and-out psychosis, however, 
can shut down creative genius. This 
tragic reality was dramatically illustrat- 
ed in the 2001 film A Beautiful Mind, 


the biopic about the late Nobel laureate 
John Nash and his struggles with schizo- 
phrenia. The costs and burdens of psy- 
chological dysfunction are also immedi- 
ately apparent in the art of the mentally 
ill, such as the works preserved in the 
Prinzhorn Collection in Heidelberg, 
Germany, done by psychiatric patients 
in the early 20th century. Few if any of 
these artworks show signs of genius. To 
quote Dryden again, “wits are sure to 
madness near allied, and thin partitions 
do their bounds divide.” 

Research conducted by psychologist 
Shelley Carson of Harvard University 
and her colleagues sought to identify 
these thin partitions. Creative achieve- 
ment is positively associated both with 
cognitive disinhibition—openness to sup- 
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hree a week, although 
ccepted every year. The 


together, 
il five in the 


society’s mem- 


admissions process for these societies usually hinges on a score 
on an approved test, some of which have names such as Mega or 
Titan. Typical questions include analogies, the manipulation of 
complex three-dimensional shapes, or word problems that must 
be translated into equations. 

Critics question whether IQ tests measure intelligence accu- 
rately, but “genius” societies rarely claim to represent true genius: 
the merging of intellect, creativity and outstanding achievement. 
Peters notes that her high-IQ colleagues are acutely aware of their 


own ignorance. Simpson concurs. “None of us con- 
sider ourselves a ‘genius,’” he says. “Well, maybe 
there’s this one guy, but he hasn’t been in the society 
for a while now.” 


Lena Groeger is a science journalist based 


in New York City. 
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PABLO PICASS 


In dozens of sketches 
for his painting 
Guernica, Picasso 
explored numerous 
styles. A sampling 

of his drawings of 

the bull (shown with 
Picasso’s original 
numbering) reveals 
the breadth of his 
exploration. Hunting 
widely for answers, 
abandoning some 
ideas and backtrack- 
ing to earlier concepts 
are hallmarks of a the- 
ory of creativity known 
as blind variation and 
selective retention. 


14. 


22 


posedly extraneous ideas, images or stim- 
uli—and higher intelligence and greater 
working memory. These mental capaci- 
ties can potentially ameliorate the nega- 
tive effects of cognitive disinhibition and 
even channel them to more useful ends. 
This synergy may well constitute the cog- 
nitive basis for serendipity. Not every- 
body would be able to work out the pro- 
found implications of such humdrum 
events as water overflowing a bathtub or 
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an apple falling from a tree. But Archime- 


des and Newton did. [For more on creativ- 
ity and eccentricity, see “The Unleashed 
Mind,” by Shelley Carson, on page 28.] 


Thinking Outside the Box 
Archimedes and Newton both 
worked in scientific fields, raising the pos- 
sibility that their brands of creativity may 
have been similar. A more revealing ques- 
tion might be to investigate how their 
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route to original thought compares with 
that of a superlative writer or musician. A 
physicist’s way of thinking has little, if 
anything, in common with that of a paint- 
er. For example, learning how to solve a 
differential equation has as much utility 
fora painter as learning linear perspective 
has for a physicist—zero in most cases. 
Yet the themes uniting geniuses, as dis- 
cussed earlier, suggest that acommon cre- 
ative principle may exist. Domain ex- 
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pertise, such as the knowledge of ad- 
vanced problem-solving strategies, 
supports thinking that is routine, even 
algorithmic—it does not inherently lead 
to the generation of novel, useful and sur- 
prising ideas. Something else must permit 
a person to go beyond tradition and train- 
ing to reach the summit of genius. 

According to a theory proposed in 
1960 by psychologist Donald Campbell, 
creative thought emerges through a pro- 
cess or procedure he termed blind varia- 
tion and selective retention (BVSR). In 
short, a creator must try out ideas that 
might fail before hitting on a break- 
through. Campbell did not precisely de- 
fine what counts as a blind variation, nor 
did he discuss in any detail the psycholog- 
ical underpinnings of this process. Asa re- 
sult, his ideas were left open to criticism. 

Using a mixture of historical analy- 
ses, laboratory experiments, computer 
simulations, mathematical models and 
case studies, I have developed BVSR into 
acomprehensive theory of creative genius 
in all domains. The blindness of BVSR 
merely means that ideas are produced 
without foresight into their eventual util- 
ity. The creator must engage in trial-and- 
error or generate-and-test procedures to 
determine the worth of an idea. Two 
common phenomena characterize BVSR 
thinking: superfluity and backtracking. 
Superfluity means that the creator gener- 
ates a variety of ideas, one or more of 
which turn out to be useless. Backtrack- 
ing signifies that the creator must often 
return to an earlier approach after blind- 
ly going off in the wrong direction. 
Superfluity and backtracking are often 
found together in the same creative epi- 
sode. Exploring the wrong track obliges 
a return to options that had been origi- 
nally cast aside. 

The reflections of Hermann von 
Helmholtz, a prolific physicist with nu- 
merous creative breakthroughs to his 
name, capture this process of discovery: 


I had to compare myself with an 
Alpine climber, who, not knowing 
the way, ascends slowly and with 
toil, and is often compelled to re- 
trace his steps because his progress 


COGNITIVE DISINHIBITION, HIGHER INTELLIGE 
AND GREATER WORKING MEMORY MAY CONSTI 
THE BASIS FOR SERENDIP 


is stopped; sometimes by reason- 
ing, and sometimes by accident, he 
hits upon traces of a fresh path, 
which again leads him a little fur- 
ther; and finally, when he has 
reached the goal, he finds to his 
annoyance a royal road on which 
he might have ridden up if he had 
been clever enough to find the right 
starting point at the outset. 


This account of venturing blindly 
into uncharted territory and retracing 
steps resonates with evidence from other 
eminent creators. As Einstein once said, 
“If we knew what we were doing, we 
wouldn’t call it research.” 

To see superfluity and backtracking 
in practice, consider the sketches that 
Pablo Picasso produced in preparation 
for his 1937 Guernica painting. Among 
them are clearly “superfluous” sketches, 
which have a human head on a bull’s 
body (for example, sketches 19 and 22— 
using Picasso’s original numbering—on 
the opposite page). Picasso soon discov- 
ered that this was a dead end and back- 
tracked to an earlier bull’s head drawing 
(15), before continuing to the final two 
sketches (26 and 27). Notice that the art- 
ist went too far in one direction in the last 


MORE TO EXPLORE 


sketch, from which he backtracked yet 
again. Even more telling, after that last 
sketch Picasso largely reversed himself to 
a much earlier formulation (11), which 
shares the most unique features with the 
final version: the widely separated eyes, 
the thin-lipped open mouth with tongue, 
the menacing rather than inert visage and 
the Cubist rather than neoclassic style. 
These sketches are typical of blind varia- 
tions both in the arts and in the sciences. 

Only further research can expand 
the theory into a comprehensive, predic- 
tive model whose claims can be thor- 
oughly tested. Even so, BVSR can help us 
make sense of certain quirks of creative 
geniuses, including their personality 
traits and developmental experiences. 
Although they devote considerable time 
to achieving expertise, they also pursue 
other hobbies. Their openness to new 
ideas and their breadth of interests infuse 
them with seemingly irrelevant stimula- 
tion that can enrich blind variations. 

As 19th-century German philoso- 
pher Arthur Schopenhauer said, “Talent 
hits a target no one else can hit; genius 
hits a target no one else can see.” Excep- 
tional thinkers, it turns out, stand on 
common ground when they launch their 
arrows into the unknown. M 
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THE UNLEASHED MIND 


HIGHLY CREATIVE PEOPLE OFTEN SEEM WEIRDER THAN 
THE REST OF US. NOW RESEARCHERS KNOW WHY 


FAST FACTS 
OPENING THE MIND 


@ People who are highly 
creative often have odd 
thoughts and behaviors— 
and vice versa. 


@ Both creativity and 
eccentricity may be the 
result of genetic variations 
that increase cognitive 
disinhibition—the brain’s 
failure to filter out extrane- 
ous information. 


© When unfiltered infor- 
mation reaches conscious 
awareness in the brains 

of people who are highly 
intelligent and can process 
this information without 
being overwhelmed, it may 
lead to exceptional insights 
and sensations. 


By Shelley Carson 


e is one of the world’s best known and 
most successful entrepreneurs, with hun- 
dreds of patents to his name—including 
the Segway scooter. But you will never see 
Dean Kamen ina suit and tie: the eccentric in- 
ventor dresses almost exclusively in denim. He spent 
five years in college before dropping out, does not take 
vacations and has never married. Kamen presides (along 
with his Ministers of Ice Cream, Brunch and Nepo- 
tism) over the Connecticut island kingdom of North 
Dumpling, which has “seceded” from the U.S. and dis- 
penses its own currency in units of pi. Visitors are 
issued a visa form that includes spaces on which to note 
identifying marks on both their face and buttocks. 
Kamen, who works tirelessly at inspiring kids to pursue 
careers in science and engineering, is one of many highly creative 
people whose personal behavior sometimes strikes others as odd. 
Albert Einstein picked up cigarette butts off the street to get 
tobacco for his pipe; Howard Hughes spent entire days ona chair 
in the middle of the supposedly germ-free zone of his Beverly Hills 
Hotel suite; composer Robert Schumann believed that his musi- 
cal compositions were dictated to him by Beethoven and other 
deceased luminaries from their tombs; and Charles Dickens is 
said to have fended off imaginary urchins with his umbrella as he 
walked the streets of London. In more recent history, we saw 
Michael Jackson’s preoccupation with plastic surgery, Salvador 
Dali’s affection for dangerous pets and singer Lady Gaga wear- 
ing a “meat dress” at a music awards show. 
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It isn’t just average Joes who perceive highly creative indi- 
viduals as eccentric. These individuals often see themselves as 
different and unable to fit in. Findings in brain imaging, cre- 
ativity research and molecular biology suggest that these per- 
ceptions are not just based on a few anecdotal accounts of 
“weird” scientists and artists. In fact, creativity and eccentric- 
ity often go hand in hand, and researchers now believe that 
both traits may be a result of how the brain filters incoming 
information. Even in the business world, there is a growing 
appreciation of the link between creative thinking and uncon- 
ventional behavior, with increased acceptance of the latter. 


Making the Connection 

The incidence of strange behavior by highly creative indi- 
viduals seems too extensive to be the result of mere coinci- 
dence. As far back as ancient Greece, both Plato and Aristotle 
made comments about the peculiar behavior of poets and play- 
wrights. (Aristotle was also the first to note the relation 
between creativity and depression, an association that has also 
been suggested by modern research.) More than a century ago 
Italian criminologist Cesare Lombroso catalogued the bizarre 
behavior of creative luminaries in his book The Man of Genius 
and attributed this behavior to the same hereditary “degener- 
ation” that marked violent criminals. 

In the past few decades psychologists and other scientists 
have explored the connection using empirically validated 
measures of both creativity and eccentricity. To measure cre- 


ativity, researchers may look at an individual’s record of cre- 
ative achievements, his or her involvement in creative activi- 
ties or ability to think creatively (for example, to come up 
with new uses for ordinary household items). To measure 
eccentricity, researchers often use scales that assess schizo- 
typal personality. 

Schizotypal personality can appear in a variety of forms, 
including magical thinking (fanciful ideas or paranormal 
beliefs, such as Schumann’s belief that Beethoven channeled 
music to him from the grave), unusual perceptual experiences 
(distortions in perception, such as Dickens’s belief that he was 
being followed by characters from his novels), social anhedo- 
nia (a preference for solitary activities—Emily Dickinson, 
Nikola Tesla and Isaac Newton, for example, favored work 
over socializing), and mild paranoia (unfounded feelings that 
people or objects in the environment may pose a threat, such 
as Hughes’s legendary distrust of others). 

Schizotypal personality is a milder version of the clinical 
psychiatric condition called schizotypal personality disorder, 
which is among a cluster of personality disorders labeled “odd 
or eccentric” in the American Psychiatric Association’s Diag- 
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nostic and Statistical Manual of Mental Disorders. The 
schizotypal diagnosis grew out of large epidemiological stud- 
ies in which researchers noticed that the relatives of indi- 
viduals diagnosed with schizophrenia were more likely to 
exhibit odd behaviors and beliefs than relatives of those not 
afflicted with schizophrenia. Schizotypal people, for instance, 
may dress in an idiosyncratic style; their speech patterns may 
be somewhat out of the ordinary; they may respond ineptly in 
social situations; their emotional responses may be inappro- 
priate; they may believe in supernatural phenomena such as 
telepathy and omens; and they may be hard to get close to— 
both physically and emotionally. In short, schizotypal individ- 
uals are eccentric. 

Not all schizotypal people have a personality disorder, 
however. They are often very high functioning, talented and 
intelligent. Many of my students at Harvard University, for ex- 
ample, score far above average on schizotypal scales, as well as 
on creativity and intelligence measures. 


Nature or Nurture? 

The first scientific evidence of a connection between schizo- 
typal personality and creativity came from a 1966 study by 
American behavioral geneticist Leonard Heston. In this clas- 
sic study, Heston reported that children adopted away from 
their schizophrenic biological mothers at birth were more like- 
ly to pursue creative careers and interests than children adopt- 
ed away from nonafflicted mothers (thus lending support for 


CENTRIC PEOPLE MAY INHERIT THE UNCONVENTIONAL MODES OF THINKING AND 
RCEIVING ASSOCIATED WITH SCHIZOPHRENIA WITHOUT INHERITING THE DISEASE ITSELF. 


Lombroso’s theory that the bizarre behaviors that often accom- 
pany creativity are inherited). 

Harvard researcher Dennis Kinney and his team replicat- 
ed Heston’s study 40 years later and suggested that schizotyp- 
al individuals may inherit the unconventional modes of think- 
ing and perceiving associated with schizophrenia without in- 
heriting the disease itself. In this study, Kinney and his 
colleagues rated 36 adopted offspring of schizophrenic par- 
ents and 36 matched control subjects adopted from nonschizo- 
phrenic parents using the Lifetime Creativity Scales. They 
found that the adopted offspring of schizophrenic individuals 
who themselves displayed signs of schizotypal personality had 
higher scores for creativity than the control subjects. The Kin- 
ney group also made a new discovery: some of their control 
subjects who did not have a family history of schizophrenia 
met the profile for schizotypal personality—and they, too, 
scored higher for creativity than other control subjects. 

Taking the reverse approach, studies by British investiga- 
tor Daniel Nettle and Australian researchers David Rawlings 
and Ann Locarnini have confirmed that creative individuals 
tend to score higher on scales of schizotypal personality than 
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less creative individuals. In my research at Harvard, done in 
part with my colleague Cynthia A. Meyersburg, I have found 
that study participants who score high in a measure of creative 
achievement in the arts are more likely to endorse magical 
thinking—such as belief in telepathic communication, dreams 
that portend the future, and memories of past lives. These par- 
ticipants are also more likely to attest to unusual perceptual 
experiences, such as having frequent déja vu and hearing voic- 
es whispering in the wind. 

In two reviews of schizotypy and creativity—published in 
1989 and 1997, respectively—both Robert Prentky, now a foren- 
sic psychologist at Fairleigh Dickinson University, and British 
researcher J. H. Brod concluded that not only do highly creative 
people display more of the traits associated with schizotypy but 
that the combination of creativity and schizotypy tends to run 
in families, again pointing toward a genetic component. 

How could weird thoughts and behaviors enhance a per- 
son’s ability to think creatively? My research suggests that 
these manifestations of schizotypal personality in and of 
themselves do not promote creativity; certain cognitive mech- 
anisms that may underlie eccentricity could also promote cre- 
ative thinking, however. In my “shared vulnerability” model 
of how creativity and eccentricity are related, I theorize that 
one of these underlying mechanisms is a propensity for cogni- 
tive disinhibition. 


Too Much Information 

Cognitive disinhibition is the failure to ignore information 
that is irrelevant to current goals or to survival. We are all 
equipped with mental filters that hide most of the processing 
that goes on in our brain behind the scenes. So many signals 
come in through our sensory organs, for example, that if we 
paid attention to all of them we would be overwhelmed. Fur- 


thermore, our brain is constantly access- 


Known for their quirks 
as well as their accom- 
plishments (clockwise 
from upper left): 
Emily Dickinson, 
Dean Kamen, 

Albert Einstein, 

Lady Gaga, 

Charles Dickens, 
Michael Jackson, 
Isaac Newton, 
Howard Hughes and 
Salvador Dali. 


ing imagery and memories stored in our 
mental files to process and decode in- 
coming information. Thanks to cognitive 
filters, most of this input never reaches 
conscious awareness. 

There are individual differences in 
how much information we block out, 
however; both schizotypal individuals 
and those with schizophrenia have been 
shown to have reduced functioning of one 
of these cognitive filters, called latent in- 
hibition (LI). Reduced LI appears to increase the amount of 
unfiltered stimuli reaching our conscious awareness and is 
associated with offbeat thoughts and hallucinations. It is easy 
to see that allowing unfiltered information into consciousness 
could lead to strange perceptual experiences, such as hearing 
voices or seeing imaginary people. 

Cognitive disinhibition is also likely at the heart of what 
we think of as the “aha!” experience. During moments of 
insight, cognitive filters relax momentarily and allow ideas that 
are on the brain’s back burners to leap forward into conscious 
awareness, in the same way bizarre thoughts surface in the 
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REDUCED COGNITIVE FILTERING COULD EXPLAIN THE TENDENCY OF 
HIGHLY CREATIVE PEOPLE T0 FOCUS INTENSELY ON THEIR INNER WORLD 
AT THE EXPENSE OF SOCIAL AND EVEN SELF-CARE NEEDS. 


mind of the psychotic individual. Consider this example from 
Sylvia Nasar’s 1998 book A Beautiful Mind, about the late 
Nobel Prize winner John Nash, who was diagnosed with 
schizophrenia. When asked why he believed that aliens from 
outer space were contacting him, he responded: “Because the 
ideas I had about supernatural beings came to me the same way 
that my mathematical ideas did. So I took them seriously.” 
(Nash’s case illustrates how the cognitive mechanism of the 
eureka moment is similar to the delusional experience called 


thought insertion, in which individuals suffering from psycho- 
sis believe that outside forces have placed thoughts in their 
brain. Most people suffering from psychosis or schizophrenia 
do not produce ideas that are considered creative, however. 
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The ability to use cognitive disinhibition in a creative way 
depends on the presence of additional cognitive abilities asso- 
ciated with a high level of functioning.) 

Reduced cognitive filtering could explain the tendency of 
highly creative people to focus intensely on the content of their 
inner world at the expense of social or even self-care needs. 
(Beethoven, for example, had difficulty tending to his own 
cleanliness.) When conscious awareness is overpopulated with 
unusual and unfiltered stimuli, it is difficult not to focus atten- 
tion on that inner universe. 

In 2003 Jordan Peterson, now at the University of Toron- 
to, and I reported on research we conducted at Harvard and 
at Toronto, where we found that highly creative individuals 
are more likely to display cognitive disinhi- 
bition when compared with those who are 
less creative. In a series of studies, we tested 
several hundred subjects on a latent inhibi- 
tion task (a measure of how easily subjects 
ignore stimuli to which they have already 
been exposed). We also measured creativity 
in several different ways, including diver- 
gent-thinking tasks (which require a large 
number of responses or solutions to a prob- 
lem), openness to experience (the personal- 
ity trait most highly predictive of creativity), 
the Creative Personality Scale, and the Cre- 
ative Achievement Questionnaire (a mea- 
sure of lifetime creative achievement). 

When we looked at high scorers on each 
of these creative measures, we found that 
they were more likely to have lower scores 
on the latent inhibition task (indicating cog- 
nitive disinhibition) than were the less cre- 
ative subjects. We think that the reduction 
in cognitive inhibition allows more materi- 
al into conscious awareness that can then be 
reprocessed and recombined in novel and 
original ways, resulting in creative ideas. 

Brain-imaging and electroencephalo- 
graphic (EEG) studies support the theory 
that highly creative individuals tend to 
experience more cognitive disinhibition 
than do less creative control groups. Begin- 
ning in the late 1970s, researcher Colin 


People who score high for creative achieve- 
ment in the arts are more likely to believe in 
telepathic communication, dreams that foretell 
the future, and past lives. 
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Martindale of the University of Maine initiated a 
series of EEG studies related to creativity. He and 
his colleagues found that highly creative people 
tend to produce more brain waves in the alpha 
range (a frequency of eight to 12 hertz, or cycles per 
second) during creative tasks than do less creative 
people. Martindale and his group interpreted alpha 
power as a marker of decreased cortical arousal 
and defocused attention and suggested that creative 
people were allowing more information into their 
conscious awareness during creative work. 

Andreas Fink and his group at the University of 
Graz in Austria, who replicated Martindale’s find- 
ings in a set of studies, have a different interpreta- 
tion of the increased alpha waves associated with 
creativity. They say increased alpha activity indi- 
cates that the brain is focusing on internally gener- 
ated stimuli rather than on the outside world. This 
interpretation explains the tendency of creative 
people to focus on their inner life, which is also a 
sign of schizotypal personality. 

Other brain research, published in 2009 by John 
Kounios of Drexel University and Mark Beeman of 
Northwestern University, has examined the “aha!” 
moment in greater detail. Kounios and Beeman had 
subjects solve word-association problems while 
their brain patterns were recorded using either func- 
tional magnetic resonance imaging or EEG. (For 
example, think of a word that can form a compound 
word with all three of the following words: crab, 
pine, sauce. The answer is “apple.”) Subjects sig- 
naled the exact moment the answer came to them 
and whether they had come to the solution through 
trial and error or in a sudden rush of insight. The 
results indicate that a period of alpha activity pre- 
cedes a burst of gamma activity (characterized by 
brain waves in the bandwidth above 40 Hz) at the 
moment of insight. Kounios and Beeman surmise 
that alpha activity focuses attention inward, where- 
as the gamma burst coincides with the arrival of the 
solution into conscious awareness. 

Another brain-imaging study, done in 2010 by 
investigators at the Karolinska Institute in Stock- 
holm, suggests the propensity for both creative 
insights and schizotypal experiences may result 
from a specific configuration of neurotransmitter 
receptors in the brain. Using positron-emission 
tomography, Orjan de Manzano, Fredrik Ullén and 
their colleagues examined the density of dopamine 
D2 receptors in the subcortical region of the thala- 
mus in 14 subjects who were tested for divergent- 
thinking skills. The results indicate that thalamic 
D2 receptor densities are diminished in subjects 
with high divergent-thinking abilities, similar to 
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ARE YOU A CREATIVE ECCENTRIC? 


o explore the connection between creativity and eccentricity, 

researchers often use questionnaires that ask about personal 

experiences and traits. Answer yes or no to each of these sam- 
ple questions: 


1. Do you often have ideas without knowing where they 
came from? 
Do you consider yourself a highly logical person? 
Do you often think or speak using metaphors? 
Do you have a broad range of interests? 
Do you have trouble spending time alone without turning 
on the TV or other electronic devices? 
6. Do you believe in telepathic communication? 
7. Have you ever felt the presence of someone in the room 
with you when you knew you were alone? 
8. Do you believe that your dreams may sometimes be previews 
of future events? 
9. Do you believe that certain events or objects are signs that may 
have been provided to help you make important decisions? 
10. Do you believe there may be forces at work in the world that 
cannot be detected with scientific instruments? 
11. Do you often feel like a square peg in a round hole? 
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Scoring 

Count the number of yes answers for questions 1, 3 and 4. Add those 
to the number of no answers for questions 2 and 5. Higher scores (up to 
a maximum of 5) are more indicative of creative thinking patterns. 

Now count the number of yes answers for questions 6 through 10. 
Higher scores make it more likely that you have schizotypal personali- 
ty, which is associated with odd or eccentric behavior. 

People who score high on the first five questions also tend to score 
high on the second set of questions. A yes answer to question 11 is 
related to both creative thinking and schizotypal personality. 
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THE ASCENDANCY OF INNOVATIVE TECHNOLOGY AS A KEY FACTOR IN ECONOMIC GROWTH HAS 
ELEVATED CREATIVITY FROM MERELY A POSITIVE TRAIT TO A HIGHLY SOUGHT-AFTER COMMODITY. 


patterns found in schizophrenic subjects in previous studies. 
The researchers believe that reduced dopamine binding in the 
thalamus, found in both creative and schizophrenic subjects, 
may decrease cognitive filtering and allow more information 
into conscious awareness. 

Several studies have linked gene variations that are associ- 
ated with the neurotransmitter dopamine to both creativity 
and eccentricity. Hungarian researcher Szabolcs Kéri, who 
reported in 2009 that highly creative achievers were more like- 
ly to have a variant of the neuregulin 1 gene previously associ- 
ated with schizophrenia, speculated that this gene variation 
facilitates cognitive disinhibition. These findings support the 
theory that cognitive disinhibition may be affected by genetic 
variations and that it may be one factor that predisposes an 
individual to both creative thought and eccentricity. 


The Importance of Intelligence 
Clearly, however, not all eccentric individuals are creative. 
Work from our lab indicates that other cognitive factors, such 


as high IQ and high working memory capacity, enable some 
people to mentally manipulate extra information without 
being overwhelmed by it. Through a series of studies, we have, 
in fact, shown that a combination of lower cognitive inhibition 
and higher IQ is associated with higher scores for creativity. 

The shared vulnerability model suggests that at least a sub- 
group of highly creative individuals may share some (but not 
all) biological vulnerability factors with individuals who suf- 
fer from psychotic illnesses, such as schizophrenia. This vul- 
nerability may allow the highly creative person access to ideas 
and thoughts that are inaccessible to those of us with less 
porous mental filters. 

One question I have included in my creativity research asks 
“Do you often feel like a square peg in a round hole?” Partici- 
pants who score high on the Creative Achievement Question- 
naire have answered yes significantly more often than those 
who have low scores in creative achievement. In fact, one par- 
ticipant—a Hollywood screenwriter—answered no but then 
wrote below the question: “I don’t feel like a square peg trying 


THE SHARED VULNERABILITY MODEL 


nthe author’s model of why creativity and eccentricity often 
coincide, the oval at the left represents people whose biolog- 
ical vulnerability factors (gene variations, for example) impair 
their ability to filter out unusual thoughts and may (given enough 
of these vulnerabilities) even cause psychotic illnesses. The 
oval at the right represents high-functioning people, whose 


Decompensation 
and Psychosis 


Additional Vulnerability Factors 
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biological makeup helps to protect them from mental illnesses. 
At the intersection of these two groups lie creative eccentrics, 
whose high IQ and high working memory capacity help to shield 
them from being overwhelmed by a flood of bizarre thoughts 
and sensations and instead allow them to use those stimuli 
as inspiration for great works of art and science. 


Cognitive Disinhibition 


High Working Memory Capacity 


High Functioning 


Additional Protective Factors 


High 1Q 
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Training programs can help stimulate creative thinking. 


to fit into a round hole. I feel like an octagonal peg with coni- 
cal appendages.” 

The good news is that the plight of square pegs may be 
improving. The ascendancy of innovative technology as a key 
factor in economic growth has elevated creativity from merely 
a positive trait to a highly sought-after commodity in the glob- 
al market. Many leading corporations—such as Coca Cola, 
Avis, Citi and Humana—now have chief innovation officers on 
their leadership teams. Prestigious business schools—such as 
Harvard, Stanford, Columbia and Yale—have added courses 
on creativity to their curricula. And Fortune 500 companies, 
including PepsiCo, Bristol-Meyers Squibb, Aetna and Marri- 
ott, now routinely put employees through creativity training 
programs. Trainers in these classes use a variety of tools and 
techniques to help noneccentrics open their minds to “out of 
the box” thoughts and stimuli that might otherwise be ignored 
or suppressed. 

As the market value of creative thinking increases, the 
round-hole world may continue to make adjustments to accom- 
modate and assimilate eccentrics. Such accommodations al- 
ready exist in communities with high concentrations of artists, 
writers, scientists and computer geeks. Managers within these 
communities tolerate bizarre clothing choices, disregard of 
normal social protocols and nontraditional work schedules in 
the interest of promoting innovation. At Dean Kamen’s com- 
pany, Deka Research and Development, for example, not only 
is denim well accepted, but employees are allowed—even 
expected—to solve problems and complete tasks in whatever 
way works best for them. 

Square pegs (and octagonal pegs with conical appendages) 
no longer have to work so hard at fitting in. It is high time. 
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Indeed, we all owe a deep debt of gratitude to those whose cre- 


ative work has been accomplished at the expense of square-peg 
feelings of alienation and ostracism. The creative efforts of 
eccentrics add richness, beauty and innovation to the lives of 
those of us who have fit somewhat more comfortably into our 
round holes. M 
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FAST FACTS 
MUSICAL CREATIVITY 


@ Surgeon and saxophone 
player Charles J. Limb studies 
the creative process by taking 
pictures of the brains of jazz 
musicians while they are 
making music. 


@ Limb’s studies show that 
creativity is a whole-brain 
activity that is deeply related 
to our sense of self. 


© Understanding how creativity 
affects reward mechanisms 

in the brain could help teachers 
encourage children to be 

more creative. 


LES J. LIMB: INNER SPARKS 


THE HEARING SPECIALIST AND SAX PLAYER SAYS 
THAT STUDYING THE BRAIN DURING FLIGHTS OF 
IMPROVISATION MAY PROVIDE NEW UNDERSTANDING 
OF CREATIVITY—AS WELL AS INSIGHT INTO THE 
MUSICAL GENIUS OF JOHN COLTRANE 


By Alicia Anstead 


harles J. Limb could have been a professional jazz saxophon- 

ist. He grew up in a musical family and showed early signs 

of talent. He idolized John Coltrane and, as a student at 

Harvard University, directed a jazz band. Although he ulti- 
mately went to medical school, he chose his specialty (otolar- 
yngology) in part because of his musical interest. As a hearing specialist 
and surgeon at Johns Hopkins Hospital, he performed cochlear implants 
in patients to restore hearing and enable the deaf to appreciate music. 
His sensibility and passion as an artist continue to inform his research. 
At least half of his research efforts during the past decade or so have fo- 
cused on regions of the brain activated during moments of deep creativi- 
ty. As he puts it, he wants to understand what went on in Coltrane’s head 


when he performed brilliant improv on his sax night after night. 


Limb, now a professor at the Univer- 
sity of California, San Francisco, and 
National Institutes of Health neurologist 
Allen R. Braun developed a method for 
studying the brains of highly skilled jazz 
musicians while they are creating music. 
Subjects play on a nonmagnetic key- 
board as they lie in a functional magnetic 
resonance imaging (fMRI) machine that 
takes pictures of their brain. Then the 
scientists compare neural activity during 
improvisation with what happens when 
playing a memorized piece. Limb can 
also interact with the musician in the 
scanner by playing on an external key- 
board—or, as musicians put it, exchang- 
ing riffs. 

Excerpts from an interview with Limb 
when he was at Johns Hopkins follow. 
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Why should scientists study creativity? 
While I think creativity is amazing, I don’t 
put it on a pedestal. I view it as a very nor- 
mal biological process that some people 
are able to take to extremely profound 
levels but that fundamentally is a basic 
requirement of human civilization and 
how we advance. It infiltrates every aspect 
of human life. I don’t know that there’s an 
attribute that is more responsible for how 
we’ve evolved as a species than creativity. 

From a scientific perspective: if it’s a 
biological behavior, if humans are cre- 
ative beings, we really ought to study it 
like you study any other complex biologi- 
cal behavior. Furthermore, because it does 
seem to be important, not just for the arts 
but for life, it’s probably something we 
should understand better. 


STEPHEN VOSS Redux Pictures 


Why is improvisation an ideal activity 
for studying creativity? 

There are a lot of forms of creativity. 
For scientific study, what you really 
need is the behavior that is a prototypi- 
cal creative act, realizing that it doesn’t 
represent all creative behavior. Writing 
a novel is a creative act, but it’s hard to 
do that in an fMRI scanner, and some- 


thing that takes a year or so to do is 


hard to study. Musical improvisation is 
spontaneous. The timescale is relatively 
concise, meaning that every time you do 
it, you can constrain it to a time frame 
quite reasonably and expect artistically 
relevant results. That’s a natural task 
for a musician. So the timescale is natu- 
ral for a scientific experiment. 


What kinds of challenges did you face 
in trying to summon creativity on 
demand? Musicians don’t usually find 
a muse in a science lab. 

The musicians were a_ self-selected 
bunch. I didn’t coerce them to partici- 
pate. They were all into the idea. The 
experience is foreign for the first minute 


or two, and then it becomes surprising- 


| MIND.SCIENTIFICAMERICAN.COM | 37 


© 2017 Scientific American 


ly comfortable. You’re in a tube, and it’s 
dark, and you have only headphones— 
it is almost like a sensory deprivation 
chamber where the only thing you are 
doing is playing piano. It’s really a 
strange environment for playing piano, 
but there’s not a lot to distract you. In 
fact, I think the music is very comfort- 
ing in that setting because it’s the one 
normal thing about the setting. The 
sound quality of the piano we used isn’t 
the best. It’s noisy as heck in that room. 
But none of the musicians complained, 
and they were able to play pretty well. 
Sometimes musicians felt embarrassed 
that they weren’t able to play the way 
they usually play, but from my perspec- 
tive they played very well. 


Tell us about the keyboard you used 
in your experiments and how you 
adapted it to work with fMRI. 

The main issues to do this are ergonom- 
ic and magnetic. You have to have a 
keyboard that works when you are ina 
narrow tube, on your back. I went into 
the scanner myself many times and 
thought about what would be the best 
way to make this work out. We decided 
the piano should be on your lap, with 
your hands at a natural angle in front of 
you, but your eyes—because you are 
lying down—could not be looking 
down. We used mirrors, so you look up 
at one mirror that points to another 
mirror that is pointed at the keyboard. 
In the end, you are looking at your 
hands even though you are looking 
straight ahead. 

The dimension of the tube is such 
that we could have only 35 keys. I want- 
ed to make them full size so the players 
would feel relatively natural. I was 
working with an engineer who designs 
MRI-compatible devices, and he and I 
shipped this device across the country 
probably 10 times to tweak it. It was a 
two-year process. What we had to de- 
sign was a MIDI keyboard—for musical 
instrument digital interface—so the pia- 
no makes no noise. Every time you press 
a note, it sends a digital message to a 
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computer saying a certain note was 
pressed. I used a program called Logic 
Pro, which has a piano emulator. When 
you press a certain note, the computer 
program plays the note back through 
headphones. When you’re doing it, it 
feels very much like you’re playing a pi- 
ano naturally. 


What happens neurologically to 

the brain during creativity? 

As far as my studies have revealed, cre- 
ativity is a whole-brain activity. When 
you’re doing something that’s creative, 
you’re engaging all aspects of your 
brain. During improvisation, the pre- 
frontal cortex of the brain undergoes an 
interesting shift in activity, in which a 
broad area called the lateral prefrontal 
region shuts down, essentially so you 
have a significant inhibition of your pre- 
frontal cortex. These areas are involved 
in conscious self-monitoring, self-inhibi- 
tion, and evaluation of the rightness and 
wrongness of actions you’re about to 
implement. In the meantime, we saw 
another area of the prefrontal cortex— 
the medial prefrontal cortex—turn on. 
This is the focal area of the brain that’s 
involved in self-expression and autobio- 
graphical narrative. It’s part of what is 
known as a default network. It has to do 
with sense of self. 


What implications does your work 
have for, say, education? 
If we can understand what actually 
changes in the brain to perhaps reduce 
conscious self-monitoring—what a lot of 
expert musicians are doing and what 
amateur musicians are unable to do— 
that’s a pretty interesting target for 
someone to consider when trying to 
learn to become an improviser. I think 
that has implications for describing what 
gives rise to excellent improvisation and 
what experts do naturally. How a teach- 
er can take that and utilize it in a lesson 
is another thing entirely, but I think 
there’s food for thought. 

A number of researchers are investi- 
gating creativity right now. 
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Why do you think this convergence 

of interest is taking place? 

We have some new methods of analyz- 
ing brain activity and brain function 
that are allowing us to ask questions 
that were probably off-limits for scien- 
tists. And I think that says a lot about 
the way scientists are in general. Scien- 
tists are, for the most part, a pretty con- 
servative bunch. They’re not the kinds 
that want to answer the riskiest ques- 
tions in terms of art. There are too 
many variables, it’s hard to explain, and 
there’s not a lot of grant funding. It’s 
not disease-based, etcetera. Now we are 
seeing that, okay, these are legitimate 
questions to ask, and we have legiti- 
mate methods to try to answer the ques- 
tions. We need to learn how creativity 
affects the brain and how to implement 
creativity in educational systems, how 
to encourage children to be creative. 


How do you respond to skeptics 

and critics who call fMRI research 
high-tech phrenology? 

That’s an interesting criticism. There’s a 
big difference between saying that the 
scalp is shaped a certain way and saying 
that an area of the brain is physiolog- 
ically active. What we’re really trying to 
do is take a glimpse into an artist’s brain 
while he is doing something that is 
unique. Keep in mind the method we use 
for this—fMRI—is a very, very inferen- 
tial method. It is completely imprecise 
on so many levels, and at best you are 
inferring a pattern of activity that is 
associated with a pattern of behavior. 
Every method has its intrinsic limits, 
and that’s how it should be. And in the 
end, what you want or hope for is that a 
lot of different methods, not just fMRI, 
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COURTESY OF CHARLES J. LIMB 


are applied to the same question so that 
you can see converging data. 

There is a reason why we are using 
fMRI, however. It shows us a lot of 
things that we’ve never been able to ac- 
tually see before, which is human behav- 
ior in its most complex forms happening 
in real time. But I’m a very big critic of 
anyone who thinks fMRI holds the an- 
swer to everything. Having used it, I 
know it doesn’t. On the other hand, that 
doesn’t mean that we shouldn’t extract 
what we can. I mean, it’s a cool method. 


What are the implications of your 
creativity research for your work as 

a surgeon and for cochlear implants? 
In truth, the reason why I do what I do 
is because I love music. That is why 
I wanted to become a hearing specialist. 
That led me to treat surgical disorders 
of hearing primarily. Cochlear implan- 
tation is probably the best treatment 
that has ever existed for a profound 
sensory impairment, meaning that there 
is no other sense that can be restored 
right now like hearing can be with a co- 
chlear implant. These things are amazing 
technologically. Yet they’re also very lim- 
ited. What they are amazing at is pro- 
ducing language for people who have 
had intact hearing for most of their lives 
or for people who are born deaf and gain 
hearing through implants. 

But music is another piece entirely. 
Most people who have a cochlear im- 
plant just cannot hear music well. A 
large portion of my research goes toward 
trying to understand the limitations of 
music perception in deaf people who are 
hearing with a cochlear implant. And I 
am hoping to try to improve that. So that 
is a large part of what I study as well. 

For me, the two parts of my work are 
motivated by the same idea of bringing 
the sublime to the deaf. The idea of go- 
ing from deaf to Beethoven’s Symphony 
no. 9 is pretty remarkable. I would love 
to be able to take somebody there. 


What’s next in your creativity research? 
The “trading fours” research, in which I 


Keys to creativity may emerge from imaging musicians’ brains. 


exchange riffs with a musician in the 
scanner, is still ongoing, as are the stud- 
ies of freestyle rappers, which I believe 
represents the first-ever neuroscientific 
study of hip-hop. 

The next real direction I’ve headed 
into has to do with trying to clarify our 
study of reward mechanisms in the brain 
and their relation to creativity. Why is it 
that we like to be creative? Why is it that 
we like to perceive creativity? And what 
happens when somebody is improvising 
in terms of pleasure or reward centers? 
Where is the gratification neurological- 
ly, and how does that change according 
to the emotional content of the music? 

I’ve always wondered: Why do we 
love sad music? Why does it make us feel 
better and not worse? It’s a funny inver- 
sion that takes place in the brain. 
Whereas we try to avoid sadness in life, 
in art, and especially in music, we al- 
most gravitate toward it. By and large, 
the effect is very positive. Improvisation 
causes a similar response: When you’re 
spontaneously creating music that is 


MORE TO EXPLORE 


sad, what are you getting? Are you get- 
ting joy? Pleasure? What’s the basis of 
the reward? That’s one of the directions 
I’m heading. 


What’s your best answer to how 
Coltrane continually improvised 
masterpiece after masterpiece on 

his saxophone? 

My best answer, honestly, is that he 
practiced. He was an obsessive—he prac- 
ticed obsessively, even after a gig. He 
would play a gig and then go back to his 
hotel room and practice. And he was, I 
think, obsessed with an idea that was 
well beyond a performance, well beyond 
what a critic or a listener thought. He 
was really after some sort of musical per- 
fection: the ability to have an idea that 
he had never had before, have that idea 
be profound and, at the same time, be 
able to execute that idea. That’s a re- 
markable trio of goals to have right 
there. I think he knew that the only way 
he would even come close was to keep 
that horn in his mouth. M 


@ Acurrent biography of Charles J. Limb and a list of selected publications on his University 
of California, San Francisco, Web site: profiles.ucsf.edu/charles.limb 


@ Limb’s much noted “Your Brain on Improv” presentation at a TED conference: 
www.ted.com/talks/charles_limb_your_brain_on_improv.html 


@ Watch a video of Limb and his work: 


www-.scientificamerican.com/article/anstead-limb-your-brain-on-jazz 
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CEATIVE GENIUSES 


BRIAN WILSON: 
A CORK ON THE OCEAN 


THE RISE AND FALL OF THE BEACH BOYS LEADER SHOWS HOW 
CRUCIAL THE BRAIN’S EXECUTIVE FUNCTION IS TO CREATIVITY 


FAST FACTS 
LOST AND FOUND 


@O Singer and composer Brian 
Wilson achieved tremendous 
success with the Beach Boys, 
but the mental illness that 
may have initially contributed 
to his visionary inventiveness 
later became debilitating. 


® Mental illness can break 
down the brain’s executive 
function—the ability to plan 
and carry out the steps 


required to accomplish a goal. 


© Wilson’s comeback shows 
that treatment can make it 
possible to recover from 
mental illness and regain a 
measure of lost creativity. 


40 | 


By Brian Levine 


hat differentiates mere talent from creative genius? No one knows 
for sure. We do know, however, that many artistic advances and 
scientific discoveries come from men and women in their 20s—just 
old enough to have sufficient technical skills yet young enough to be 


unencumbered by the habits of older generations. 


Psychological studies also indicate that 
highly creative people share an elevated risk of 
serious mental illness. For certain individuals, 
such ailments may actually contribute to their 
soaring achievements. Yet often the same con- 
dition eventually ruins their inventiveness and 
their life. Perhaps no story better exemplifies 
how mental illness can free up creativity, then 
crush it, than that of Brian Wilson. 

By age 22 Wilson had already invented a 
new form of American folk music, achieving 


SCIENTIFIC AMERICAN MIND > SPECIAL EDITION | SPRING 2017 | 


© 2017 Scientific American 


tremendous success with his group, the Beach 
Boys. From 1962 to 1965 the Beach Boys had 
16 top-40 hits, including “Surfin’ USA,” “Lit- 
tle Deuce Coupe” and “I Get Around.” Wil- 
son, the group’s primary writer, arranger and 
producer, then expanded his musical land- 
scape with the Beach Boys’ 1966 record Pet 
Sounds. The album altered the course of mod- 
ern pop with its novel studio techniques, com- 
plex harmonic and rhythmic structures drawn 
from jazz and classical music, unusual instru- 
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Brian Wilson 

(at left) was the 
primary writer, 
arranger and 
producer for the 
Beach Boys, who by 
1965 had more 
than a dozen top 
hits, such as 
“Surfin’ USA” and 
“I Get Around.” 


mentation, and substantive themes of introspection 


and vulnerability. The legendary conductor and 
composer Leonard Bernstein called Wilson one of 
the greatest composers of the 20th century, and 
Paul McCartney of the Beatles cited Pet Sounds as 
the major influence for the group’s own inventive 
landmark album in 1967, Sgt. Pepper’s Lonely 
Hearts Club Band. 

Unfortunately, the importance of Wilson’s 
work was soon overshadowed in the popular con- 
sciousness by his steady and very public mental 
decline. In his early 20s, the typical age of onset 
for many psychotic disorders, social discomfort, 
depression and paranoia gave way to frank hallu- 
cinations and delusions. Over the following de- 
cade his condition progressed, and for a period of 


years he was unable to function consistently as a 
member of society, much less at his previous level 
as a hit-record producer. 

Progressive mental illness such as that experi- 
enced by Wilson causes a breakdown in “executive 
function”—the ability of the brain’s frontal lobes 
to plan, coordinate and execute, much the way a 
CEO would direct the operations of a business. 
Cognitive neuroscientists are still debating the def- 
inition of executive function and its influence on 
behavior. But Wilson’s case provides powerful evi- 
dence of its sway. Thirty years after his decline, 
Wilson reemerged as a healthier individual and re- 
turned to making music. His incredible story shows 
how executive function can set creativity free, how 
its demise can subsequently cripple that creativity 
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and the ability to negotiate daily life, and how 
proper treatment and support by psychiatrists and 
loved ones can create ways to compensate—in Wil- 
son’s case, allowing him to make a comeback. 


“Til | Die” 

Neuroscientists maintain that the frontal lobes 
mediate a collection of high-level cognitive pro- 
cesses that enable us to control and direct lower- 
level processes. These executive functions allow 
us to transform a jumbled heap of puzzle pieces 
into a coherent picture. Think about preparing to 
go on a major trip. Your brain’s CEO, working 


vulnerabilities, however, executive functions are 
not as well understood or appreciated as other 
mental capacities, such as memory and percep- 
tion, which are more easily assessed in the lab. 
And because demands for executive functions are 
greatest in unstructured, novel situations, patients 
with executive difficulties often appear normal 
when taking routine psychological and neurolog- 
ical tests. Executive dysfunction is therefore often 
not diagnosed, even in people who are seriously 
disabled by it. 

The creative innovations heard on Pet Sounds 
coincided with the onset of Wilson’s psychosis, 


CERTAIN MENTAL ILLNESSES CAN ACTUALLY CONTRIBUTE 10 
ARTISTIC ACHIEVEMENTS BUT EVENTUALLY RUIN LIVES. 


from the frontal lobes, sequences and prioritizes 
the many steps that must be performed, generating 
a plan to accomplish your goal and coming up with 
new tactics when circumstances change [see box 
on page 45]. 

Because the frontal lobes interact with multi- 
ple brain systems, executive functions are highly 
sensitive to brain disease, psychiatric disorders 


and substance abuse. Despite their central role and 


which is characterized by a loosening of linkages 
between ideas. (This article is based on publicly 
available information, such as the authoritative 
books The Beach Boys, by David Leaf, and The 
Nearest Faraway Place: Brian Wilson, the Beach 
Boys, and the Southern California Experience, by 
Timothy White; documentaries such as an episode 
of A&E’s Biography series; media interviews with 
Wilson himself—notably Larry King Live in 


A young Wilson, 
shown here in 1966, 
held in his mind intri- 
cate arrangements 
of many instruments 
and vocal harmonies, 
instructed older 
musicians to 
perform each part 

in the studio, then 
wove them together 
electronically, a 
masterful feat of 
executive function. 
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Once psychosis took 
root, Wilson had 
only intervals of cre- 
ativity; his weight 
ballooned, he sel- 
dom performed, 
and he confined 
himself to his bed 
for long periods. 
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2004—as well as other sources. I have not talked 
to Wilson, nor have I seen his medical records, but 
the many sources converge on a description that 
experts would recognize as psychosis.) 

Mental illness does not make a person creative. 
But certain individuals who are endowed with ar- 
tistic vision and particular technical skills can, at 
times, transform the loosening of linkages into in- 
spired artistic associations. These novel associa- 
tions can be difficult for the individual to harness, 
however, because a person with psychosis is be- 
trayed by his own disordered perceptions. It is a 
frighteningly lonely disease, which Wilson perhaps 
knowingly portrayed in 1971 when he wrote “’Til 
I Die.” The song’s lush music, reminiscent of the 
sea, stands in stark juxtaposition to the lyrics: “I’m 
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CUTIVE FUNCTIONS ARE HIGHLY SENSITIVE TO BRAIN DISEASE, 
CHIATRIC DISORDERS AND SUBSTANCE ABUSE. 


a cork on the ocean / Floating over the raging 
sea.... ’ma leaf on a windy day / Pretty soon I’ll 
be blown away....” 

Wilson had reached a breaking point in late 
1964 on a plane flight to Houston, when he suf- 
fered a nervous breakdown. He subsequently 
stopped touring with the Beach Boys so that he 
could focus his attention on writing and studio 
work for the band, avoiding the stress of the road. 
He used the Wrecking Crew for the instrumental 
recording sessions, the same studio musicians em- 
ployed by his idol, Phil Spector, who defined the 
role of the modern record producer with hits by the 
Crystals and the Ronettes, such as “Da Doo Ron 
Ron.” Wilson’s new work, appearing in 1965 on 
the next two albums, The Beach Boys Today! and 
Summer Days (and Summer Nights!!), introduced 
elements that later came together in fully realized 
form on the Pet Sounds album. 

To create Pet Sounds, Wilson enlisted a new 
collaborator, Tony Asher, to assist with lyrics in- 
tended to depart from the previous themes of surf- 
ing, girls and cars. Wilson constructed songs at 
the piano, beginning with “feels,” or fragments of 
music representing a certain mood. By the time he 
entered the recording studio, he had a full ar- 
rangement in his mind that he then deconstructed 
by teaching musicians their parts one instrument 
at a time—from strings, horns and accordions to 
a water jug, bicycle bells and the theremin, the 
electronic gizmo responsible for spooky sounds in 
old horror movies and later made famous in the 
Beach Boys’ song “Good Vibrations.” Indeed, 
Wilson often demonstrated the parts himself be- 
cause he could play nearly all the instruments. 
Outtake recordings of Wilson working in the stu- 
dio (which were included in the 1996 Pet Sounds 
Sessions box set) give an impression of a 23-year- 
old visionary leader directing the older and more 
experienced studio musicians to realize his artis- 
tic vision. 

The last elements to be laid down on the album 
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THE BRAIN’S “CEO” 


he role of executive function in human behavior is to co- 

ordinate the many brain activities needed to set goals, 

make plans to attain those goals, organize steps to carry 
out those plans, and ensure that the desired outcomes are 
achieved. This capacity can be likened to that of a company’s 
chief executive officer. Psychologists are not in full agreement, 
but most acknowledge that multiple executive functions are 
mediated by the frontal lobes. The ones described below are 
engaged often. 


Abstract thinking. Discerning relations among stimuli—see- 
ing the forest for the trees—depends on abstract thinking. 
Imagine being asked to group into two sets of objects a pair of 
scissors, a water glass, an ax and a wheelbarrow. You might 
decide that the scissors and the water glass go together be- 
cause they are used indoors, whereas the ax and wheelbarrow 
are used outdoors. 


Attention shifting. Can you find another grouping? Scissors 
and axes cut; glasses and wheelbarrows contain. Many people 
with executive deficits find it hard to shift attention and inflex- 
ibly hold on to their original perceptions and behaviors, even 
when the usefulness of these associations has long expired. 


Information manipulation. Nearly all higher-order cognitive op- 
erations require the real-time manipulation of information held 
in short-term memory. To prepare for a dinner party, a host has 
to juggle multiple timetables of when different foods will be 
cooked as well as consider the likes and dislikes of guests. 


Planning and foresight. Preparing for a vacation requires fore- 
sight and analysis of the conditions and needs at the destina- 
tion, which may be very different from the conditions and 
needs at home. A patient with executive dysfunction is often 
unable to escape the present to form a mental model of a fu- 
ture that is different. 


Monitoring and error correction. These processes are en- 
gaged when results do not correspond with intentions. This 
effect could be seen, for example, ina woman who drives to a 
special bakery to buy a pie for a dinner party she is throwing 
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Various regions of the frontal lobes (in front of 
central sulcus) are associated with different functions. 
For example, the motor areas are important for voluntary 


movement. The prefrontal cortex mediates executive functions. 


that evening and finds it is closed. She might go to another 
bakery on the other side of town without considering that the 
trip would not allow her to get back home until long after the 
guests had arrived. 


Decision making. Consider a man who is having trouble mak- 
ing ends meet. He could cut expenses or increase income, 
either path requiring him to weigh options, arrive at a decision 
and see it through. Patients with executive difficulties cannot 
settle on a choice, particularly in situations where the correct 
response is not obvious or previously learned. They may blind- 
ly follow other people’s suggestions, which is why they can be 
easily exploited. 


Inhibition. Automatic responses can be unhelpful or even 
harmful. Imagine you have just won a major award; your reac- 
tion would be to tell everyone your news. But waiting until other 
finalists are properly informed of their loss requires inhibition. 


Social functioning. Failure to appropriately process or output 
social cues can have devastating consequences. The main 
concern of one frontal lobe dementia patient, on seeing that 
his wife was cut and bleeding badly from an accident involving 
a power tool, was that the tool be cleaned as soon as possible. 

—B.L. 


were the Beach Boys’ vocals. No one but Wilson 
knew how the pieces would fit together until he as- 
sembled them at the final stage of production, when 
something spiritual emerged. As Timothy White, 
editor in chief of Billboard magazine throughout 
the 1990s, wrote in the liner notes to Pet Sounds 
Sessions, “What shines brightest behind, within 
and above the peal of Brian’s exquisite material is 
the presence of the thing not named: an unswayable 


belief in the enduring power of one’s better self.” 

Recording multiple instrumental and vocal 
tracks and fitting them into a coherent whole relies 
on manipulating many streams of information held 
in short-term memory, a key executive function. 
Whereas other producers at the time recorded rela- 
tively simple songs ina single “take” performed by 
the entire group, Wilson held in his mind intricate 
symphonic arrangements and harmonies, recorded 
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Improved therapy 
for schizoaffective 
disorder, along with 
support from his 
friends and second 
wife, Melinda, 
enabled Wilson 

to return to active 


46 


touring after 
30 years. 
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parts separately, then later put together the pieces 
of the puzzle. “Good Vibrations,” dubbed a “pock- 
et symphony” by Wilson and released as a single 


just after Pet Sounds, was recorded in 17 sessions 
at various studios. The hit, which in music polls 
ranks as one of the greatest pop songs ever, repre- 
sented the ultimate marriage of creativity with ex- 
ecutive functions, prompting a key transition in 
popular music in which the studio itself was added 
to the impresario’s quiver. 

How was Wilson able to accomplish these mon- 
umental feats of vision and concentration while 
suffering from serious mental illness? Psychotic 
symptoms are not static; they wax and wane. Wil- 
son’s productivity was most likely greatest when 
his symptoms were in remission—when novel cre- 
ative associations could be screened, manipulated 
and coherently integrated by his musical and ex- 
ecutive powers. 


Two Years in Bed 

These powers were soon eclipsed by Wilson’s 
progressive mental illness. The balance between 
inspiration and the cognitive capacity to realize 
that inspiration had shifted by 1967, as he and lyr- 
icist Van Dyke Parks were putting together Smile, 
an integrated set of album cuts centered on Ameri- 
can culture and history. 

A good indication of how Wilson’s capabilities 
were slipping involves “output monitoring.” This 


executive function gives someone the ability to 


» SPECIAL EDITION | SPRING 2017 


compare his actions with his intentions—to screen 
for errors and bad ideas. Wilson used unusual but 
successful sound ideas on Pet Sounds, such as bi- 
cycle bells to invoke themes of lost childhood, but 
his quest during Smile became bizarre—outfitting 
his musicians with fire hats during the recording of 
“Mrs. O’Leary’s Cow” or infamously placing his 
piano ina sandbox. Yet because by this time he had 
been labeled as a “genius,” people around him of- 
ten indulged his eccentricities rather than confront- 
ing them as symptoms of serious sickness. Evidence 
of faulty monitoring can also be heard in the origi- 
nal Pet Sounds recording, in which Wilson, usu- 
ally the consummate perfectionist, allowed back- 
ground chatter from the studio to creep into the 
final mix. 

Once he had completed Smile’s elements, Wil- 
son seemed unable to fit them together. Parks even- 
tually left the project, according to several ac- 
counts. Capitol Records was pressuring Wilson to 
produce something. But emotionally fragile and 
without support from his bandmates, he scrapped 
the Smile project in mid-1967. 

Wilson’s mental health steadily deteriorated, 
with occasional bouts of suicidal depression and 
psychosis. His drug habit, which could have been 
an attempt to self-treat his symptoms (common 
among patients with psychosis), expanded into 
heroin and especially cocaine use. He demonstrat- 
ed intervals of creativity, but he never matched the 
breadth and complexity of his earlier work. He had 
two young children but was unable to assume a 
parental role and separated from his wife in 1978. 
By the early 1980s Wilson’s weight had ballooned 
to more than 300 pounds, and he confined himself 
to his bed for two and a half years. Although there 
were periods of hospitalization and detox, treat- 
ment was not sustained. Wilson’s public appear- 
ances were inconsistent at best. 

Because of his tremendous notoriety, Wilson’s 
mental troubles soon became part of the public 
consciousness. The media mocked him as some 
kind of nut. Viewed from the patient’s perspective, 
however, staying in bed makes perfect sense when 
one is immersed in a warped reality. 

As is often the case with patients who have ex- 
ecutive dysfunction, Wilson’s compromised state 
left him vulnerable to exploitation. His own psy- 
chologist, the late Eugene Landy, directed his life 
and career in the mid-1970s and then again from 
1983 to 1991, according to several accounts and to 
Wilson’s second wife, Melinda, during the Larry 
King interview. Although Landy was successful in 
isolating Wilson from illicit drugs and in helping 
him to lose weight, he also fostered a dependent 
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relationship: he administered psychotropic drugs 
to Wilson, acted as his business adviser, and even 
attempted to collaborate with the artist on song- 
writing and singing. Wilson’s family sued for con- 
servatorship in 1990, and the issue was settled the 
following year. The court severed contact between 
Wilson and Landy, who had by then already sur- 
rendered his license to practice psychology in Cal- 


pearing live again, sitting in front of a keyboard, 
although he does not play much. His singing, 
though still serviceable, can be inconsistent. None 
of this really matters to his fans, however, who 
come for Wilson’s legend and mystique. 

Wilson reached a creative zenith in his early 
adulthood in spite of (and perhaps partly because 
of) his mental illness, which eventually robbed 


ON’S COMEBACK SHOWS THAT WITH PROPER TREATMENT, 
FE LOST 10 PSYCHOSIS CAN REBOUND. 


ifornia to the state’s Board of Medical Quality As- 
surance after conceding that he had unlawfully 
administered drugs to Wilson. 


Creative Prosthesis 

Throughout the 1990s Wilson received more 
conventional treatment, including medication and 
psychotherapy. He settled into a stable marriage. 
During the Larry King interview, Wilson and Me- 
linda revealed that he had been diagnosed with 
schizoaffective disorder, a combination of psycho- 
sis and abnormal mood. With support from his 
wife and musical colleagues, Wilson was reemerg- 
ing in public, recording albums and performing as 
a solo artist, accompanied by musicians from the 
Los Angeles band the Wondermints and former 
Beach Boys guitarist Jeff Foskett. 

Improved treatment of schizoaffective disor- 
der has helped Wilson and many others. After 
more than 30 years he returned his attention to 
Smile, widely considered one of the greatest unre- 
leased albums in contemporary music. Wilson ap- 
peared comfortable in the recording studio—ex- 
ecutive dysfunction does not directly compromise 
memory or acquired musical skills. But it does af- 
fect the capacity to flexibly deploy them, particu- 
larly in an unstructured situation where there are 
no clear right or wrong answers, as in the creation 
of an album. 

Wilson released Smile in 2004, at age 62, to 
worldwide acclaim. Its success is attributable to 
the quality of the original material and to the guid- 
ance and support of others who helped Wilson 
assemble the pieces—people who provide a pros- 
thesis for Wilson’s frontal lobes. According to 
White’s book, Wilson had recognized this need as 
early as 1976, when in a recording session he had 
said, “Something happened to my concentration— 
I don’t know exactly what, but it weakened for 
some reason—and I lost the ability to concentrate 
enough to follow through.” Wilson also began ap- 


him of the cognitive abilities required to create art 
and nearly destroyed him. Wilson’s comeback 
demonstrates that with proper treatment and sup- 
port, individuals with mental illness can function 
at a high level in areas of their expertise, even if 
their symptoms persist. 

During the painful interim, life took down oth- 
er family members in the Beach Boys. Wilson’s 
brother Dennis, the heart of the band, drowned in 
1983, and brother Carl, the guitarist with the an- 
gelic voice, died of cancer in 1998. And whereas 
Pet Sounds was so perfectly poised in time, the po- 
litical, cultural and musical milieu that spawned 
Smile almost immediately became a casualty of 
violence, war and lost innocence. 

To paraphrase renowned psychologist and 
memory researcher Endel Tulving of the Rotman 
Research Institute in Toronto, time’s arrow runs 
straight, but memory endows us with the capacity 
to bend that arrow into a loop, to revise the past in 
our mind to regain, even if in fantasy, that which 
was lost. If Wilson’s public resurrection bolsters 
this hope, then Smile in 2004, bending time’s ar- 
row back 37 years, codifies it. Perhaps, then, Smile 
fulfills a larger purpose beyond its lush and cre- 
ative music: the need to believe that that which was 
lost can be regained. M 


MORE TO EXPLORE 
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FAST FACTS 
WINDOW TO THE SOUL 


@ Leonardo da Vinci was 
not only an accomplished 
artist, musician, scientist 
and engineer but also 
a talented anatomist. 


® Some of his detailed, 
beautiful drawings of the 
skull depict anatomical 
features that he was 

the first to identify or 
accurately render. 


© Leonardo’s extraordinary 
artistic creativity, coupled 
with impressive technical 
skills, helped him to form 
and test ideas about sensory 
perception and in particular 
to investigate the structure 
and function of the brain. 


PATIVE GENIUSES, 


MERICAN MIND 


LEONARDO DA VINCI, 
NEUROSCIENTIST 


CREATIVITY MAY BE DEFINED AS PRODUCTIVITY 


OF THE BRAIN WERE AS CREATIVE AS HIS ART 


By Jonathan Pevsner 


he archetypal Renaissance man, Leonardo da Vinci 
is admired for his unequaled range of intellectual 
passions. The creator of the Mona Lisa and other 
artistic masterpieces in the second half of the 1400s 


and early 1500s was also an accomplished musician, scientist and 
engineer whose inventions included ball bearings, instruments to 
measure the specific gravity of solids, and fantastic war machines 
(although he abhorred the “most bestial insanity” of battle). 


Less well known—largely because 
hundreds of pages of his notes and 
detailed anatomical drawings went 
unpublished until the late 19th and 
early 20th centuries—are his remark- 
able and penetrating findings in the 
field of neuroscience. In an era more 
comfortable accepting notions handed 
down from medieval science and 
ancient Greece and Rome, he pioneered 


the practice of sketching anatomical 
features based on his own direct obser- 
vations. He also strove to establish a 
physical basis by which the brain inter- 
prets sensory stimuli and through 
which the mind functions. And he 
developed a coherent theory of how 
the senses operate, in particular how 
the eye sees—mechanistic explanations 
of such phenomena that reflect the 


Leonardo da Vinci’s studies of physical form (The Vitruvian Man) also went below the 
surface, to structures in the brain. The mirror writing compares the layers of an onion 
with those of a skull. The depiction of the three oval ventricles is inaccurate but follows 
the teachings of the time—the artist later broke with such conventions. 
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As part of 

his extensive 
anatomical 
explorations, 
Leonardo injected 
wax into ox brains 
to make casts 

of the ventri- . 

cles, which he : = eee 
then sketched. es ari 


thinking typical of his primary career, engineering. 

Leonardo never went to university and only 
began studying Latin in his 40s. As he wrote, “my 
works are the issue of pure and simple experience, 
which is the one true mistress.” As a keen student of 
nature, Leonardo stands apart from most of his con- 
temporary anatomists, who tended to regurgitate the 
dogma of earlier Greek and Roman authorities— 
from the school of Hippocrates to the teachings of 
Galen of Pergamum. Yet he was not entirely unfet- 
tered by his era’s reliance on the past. The views com- 
mon in his day also shaped—and sometimes con- 
founded—his efforts to understand the human brain. 


Foundation of Life 

Leonardo was born on April 15, 1452, near Vin- 
ci, some 20 miles from Florence. As a teenager he 
joined the workshop of Andrea del Verrocchio in 
Florence, and at age 20 he was admitted to the Com- 
pany of Painters. Artists in Renaissance Florence 
were encouraged to perform, or at least observe, dis- 
sections. Leonardo’s paintings such as the St. 
Jerome, composed around 1480, indicate that he 


had gained knowledge of human musculature. But 
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little evidence suggests that he performed autopsies 
or displayed a deeper interest in anatomy until later 
in the 1480s, when he moved to Milan. There his 
relentless curiosity would lead him to a striking 
series of discoveries in the fields of neuroanatomy 
and neurophysiology. 

Leonardo’s earliest surviving anatomical draw- 
ings are related to the nervous system and date from 
circa 1487, when he pithed a frog (pierced its spinal 
column). He may have been the first person to per- 
form this experiment. He wrote: “The frog instant- 
ly dies when its spinal medulla [medulla oblongata] 
is perforated. And previously it lived without head, 
without heart or any interior organs, or intestines 
or skin. Here therefore, it appears, lies the founda- 
tion of movement and life.” Leonardo loved ani- 
mals: he was a vegetarian, was known to buy birds 
at the market to set them free, and was an avid 
enthusiast of horses. Perhaps for this reason none of 
the rest of his many hundreds of experiments re- 
corded vivisection. 

On the same sheet with the frog, he sketched the 
spinal cord and added the words “generative pow- 


er,” reflecting the belief, which had originated 
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1,900 years earlier with the famed Greek physician 
Hippocrates, that sperm derive from the spinal 
cord. Next to the spinal cord, Leonardo drew a 
tube, with a caption that said that the sense of touch 
was the cause of motion and the “passage for ani- 
mal powers” (transito della virtu anjmalia). 

Leonardo might have been exposed to the ideas 
of animal spirits through the writings of Galen 
(roughly around A.D. 130 to 200), the greatest phy- 
sician of the ancient Roman era. After Galen’s 
death, progress in anatomy stalled for eight centu- 
ries, until the rise of Islam. Galen described a con- 
cept first developed by a physician from the famous 
medical center at Alexandria, Erasistratus of Ceos 
(who flourished circa 300 B.C.). Erasistratus be- 
lieved that air breathed in is converted to “vital 
spirit,” which is conveyed to the brain’s ventricles, 
where it becomes “animal spirit.” This animal spir- 
it filled the hollow nerves and enabled them to con- 
trol the movement of muscles. (Today we under- 
stand that nerve cells are not hollow and that they 
propagate an electrical signal to the nerve terminal, 
where chemical neurotransmitters are released 
across the synapse, a small gap between the neuron 
and muscle cell. These chemical transmitters induce 
a muscle cell to contract.) 

Turning to Leonardo’s early drawings of the 
brain, we find a remarkable page dated to approxi- 
mately 1493 [see illustration on page 49| showing a 
cross section of an onion and several drawings of 
the human head with schematic views of the eye. 
Beside the images, he wrote: “If you will cut an 
onion through the middle, you will be able to see 
and enumerate all the coats or rinds which circu- 
larly clothe the center of this onion. Similarly, if you 
will cut through the middle of the head of a man 
you will first cut the hairs, then the scalp, then the 
muscular flesh and pericranium, then the cranium; 
and inside, the dura mater, the pia mater and the 
brain; then again the pia mater and dura mater and 
the rete mirabile and then the bone, their founda- 
tion.” This text was derived from Ibn Sina (also 
called Avicenna, who lived from A.D. 980 to 1037), 
a Persian philosopher and physician who grew to 
prominence comparable to Galen’s, largely through 
his encyclopedic Qanun fi-al-tibb (Canon of Medi- 
cine), one of Leonardo’s principal sources. 

Leonardo’s depiction of the skull includes the 
frontal sinus, shown as a protrusion just above the 
eye, which is one of his original discoveries. The op- 
tic nerve projects from the eye toward the center of 
the brain, encountering the first in a row of three 
oval ventricles—they look quite different from the 
actual appearance of these cavities filled with cere- 
brospinal fluid. Leonardo’s ventricles also appear in 


a view from above, which shows the optic and audi- 
tory nerves entering the anterior ventricle. 

What inspired Leonardo to draw the brain’s 
ventricles this way? Galen had localized cerebral 
functions, including sensory and motor output, to 
brain regions near the ventricles. Galen’s interpret- 
ers subsequently introduced the doctrine of three 
ventricle “cells,” ascribing various brain functions 
to them. An anterior cell was thought to serve as the 
common meeting place for all the senses, and hence 
it was called sensus communis in Latin. (Our phrase 
“common sense” derives from this term.) Most au- 
thors placed fantasy and imagination in the sensus 
communis as well. The middle ventricle housed 
cogitava, ratio or estimativa—what we call rational 
thinking. Ibn Sina’s Qanun explained that the sen- 


ECTED DIRECTIONS. 


sus communis in the anterior ventricle receives sen- 
sory information, the imagination holds the sensory 
perceptions after they have subsided, and the cogita- 
tive faculty in the middle ventricle can manipulate 
images stored in the imagination—creating the idea 
of a flying man or an emerald mountain, for exam- 
ple. Most authors agreed that the posterior ventricle 
was the seat of memory. 

In many dozens of medieval and Renaissance 
manuscripts, we find diagrams in which the sensus 
communis is depicted in the anterior ventricle, such 
as Leonardo indicates in the illustration on page 49. 
But Leonardo modified his views in a dramatic con- 
trast to the prevailing dogma, transferring the sen- 
sus communis to the middle ventricle and now la- 
beling the anterior ventricle imprensiva. The word 
“imprensiva” is difficult to translate, and no anato- 
mist before or after Leonardo has used this term. 
It refers to a site for the processing of sensory im- 
pressions, in particular visual input. Thus, he con- 
tinued to show the optic nerve terminating in the 
anterior ventricle. The olfactory and auditory 
nerves entered the middle ventricle, which was la- 
beled senso comune (Leonardo’s Italian term for 
sensus communis) or sometimes comocio (thought) 
or volonto (will). 

Leonardo’s unique labeling of the ventricles 
reflects the tremendous importance he accorded to 
the sense of vision, which he described as the window 
to the soul and the most important basis of all expe- 
rience. To him, the role of the artist was to depict 
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nature—“the painter’s mind must of necessity enter 
into nature’s mind in order to act as an interpreter 
between nature and art”—and this role primarily 
involves vision. Unlike any other artist or anatomist, 
Leonardo equated artistic perception with an ana- 
tomical framework for seeing. He believed that once 
information passed to the senso comune it was 
judged, and he thought of this function as an inner 
eye, or occhio tenebroso (“the eye in shadows”). 
Between 1487 and 1493 Leonardo created a 


number of marvelous drawings of the skull. These 


beautiful, lifelike images are among his most in- 


Split view of the 
skull shows the 
maxillary antrum, 
a cavity in the 
facial area that 
was discovered 
by Leonardo. 
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spired anatomical works. In one [see illustration 
below], we see a skull divided down the middle, 
allowing a view of multiple depths. On the left side 
is the maxillary antrum, a cavity in the facial area, 
which Leonardo was the first to identify. The ac- 
companying text concerns the location of the senso 
comune relative to the face, as well as a discussion 
of the number of teeth. (Leonardo corrected Aris- 
totle, who had suggested that men have more teeth 
than women.) 

Another anatomical tour de force [see illustra- 
tion on opposite page| provides the first accurate 
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depiction of the meningeal arteries; the blood sup- 
ply to the brain was significant to Leonardo as the 
source of “vital spirit” to the ventricles. This dia- 
gram also shows the cranial nerves leading to the 
geometric center of the brain, where Leonardo lo- 
cated the senso comune. The nerves do not in real- 
ity converge in this way, so Leonardo’s arrangement 
followed what he thought should be, rather than 
what he had actually observed. 


Locus of the Soul 

To Leonardo, the judging of information by the 
soul also took place in the senso comune. “The soul 
seems to reside in the judgment, and the judgment 
would seem to be seated in that part where all the 
senses meet; and this is called the senso comune,” 
he wrote circa 1489. “All our knowledge has its ori- 
gin in our [sense] perceptions,” he concluded. Visu- 
al objects, smells and sounds converge on the senso 
comune, while “perforated cords” convey sensory 
information from the skin. 

Leonardo invoked a military metaphor to ex- 
plain how motor output is also controlled by the 
senso comune and the soul. As he put it, “the nerves 
with their muscles obey the tendons as soldiers obey 
the officers, and the tendons obey the senso comune 
as the officers obey the general. Thus, the joint of 
the bones obeys the nerve, and the nerve the muscle, 


and the muscle the tendon, and the tendon the senso 
comune. And the senso comune is the seat of the 
soul, and memory is its ammunition, and the 
imprensiva is its standard of reference because the 
sense waits on the soul and not the soul on the sense. 
And where the sense that ministers to the soul is not 
at the service of the soul, all the functions of that 
sense are also wanting in that man’s life, as is seen 
in those born mute and blind.” 

Leonardo’s interest in the soul often turned to 
such questions of disease. He wrote: “How nerves 
sometimes operate by themselves without any com- 
mand from other functioning parts of the soul. This 
is clearly apparent, for you will see paralytics and 
those who are shivering and benumbed by cold 
move their trembling parts such as head or hands 
without the permission of the soul; which soul with 
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Drawing shows 
the first accurate 
depiction of the 
meningeal arteries, 
which supply blood 
to the brain. It also 
shows cranial 
nerves converging 
within the brain’s 
center—an 
idealized, not 
actual, location. 
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In later work, 
Leonardo 
progressed to 
where he drew 
what he saw, 

not what he had 
been taught 

to see, yielding 
greater accuracy. 
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all its forces cannot prevent these parts from trem- 
bling. This same thing happens with epilepsy and 
with severed parts such as the tails of lizards.” 
Because Leonardo based his theories of the 
mind on physical laws, he sometimes was led in 
unexpected directions. For instance, he argued at 
length that ghosts cannot exist: “There can be no 
voice where there is no motion or percussion of the 
air; there can be no percussion of the air where there 
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is no instrument; there can be no instrument with- 
out a body; and this being so, a spirit can have nei- 
ther voice nor form nor strength.” 

After 1493, Leonardo set his anatomical studies 
aside for about 15 years. He remained in Milan 
through the 1490s, working as an entertainer in the 
court of Ludovico Sforza, engaging in artistic proj- 
ects such as the Last Supper, performing civil and 
military engineering, and writing his treatise on the 
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elements of machines. In 1505 he continued his ear- 
lier studies of the flight of birds and the possibilities 
of human-powered airplanes and gliders. His focus 
on mathematics sharpened as he tried to apply the 
science of perspective to his painting. His efforts 
were shaped by an obsessive desire to understand 
what he called the four powers of nature: move- 
ment, weight, force and percussion. 

Leonardo’s belief in the body as a mechanical 
instrument subject to these four powers led him to 
impressive innovations when he returned to the 
topic of anatomy. Consider his studies of the heart. 
He was the first to realize that the organ has four 
chambers, not two, and he discovered the atria 
(what he called the two “upper ventricles”). He cor- 
rectly surmised that the atria contract to propel 
blood. During an autopsy, he even identified an 
atrial septal defect, a hole in the septum separating 
the two atria. He made a three-dimensional glass 
cast of the aorta to study its function and performed 
detailed investigations (including glass models) of 
the tricuspid, pulmonary, mitral and aortic valves. 
He discovered the moderator band, a muscle span- 
ning the right ventricle. 

And so when Leonardo again took up his explo- 
rations of the structure and function of the brain, 
around 1508 to 1509, his approach was built on a 
sounder background than his initial studies had 
been. He invented a brilliant technique: after drill- 
ing a hole in the base of the brain of a dead ox, he 
used a syringe to inject hot wax into the ventricles. 
When the wax set, he cut away the brain tissue and 
thus made a reasonably accurate cast of the ventri- 
cles. This is the first known use of a solidifying me- 
dium to measure the size and shape of any internal 
body structure, and it provides an example of how 
Leonardo used his training as an artist to develop 
a new scientific approach. 

I recently repeated the experiment by melting on 
a hot plate wax from a local beekeeper. I injected 
the hot wax into the openings of the third and 
fourth ventricles in a cow brain I obtained from a 
slaughterhouse. Within seconds the wax cooled and 
hardened, making a perfect cast. 

Leonardo showed extraordinary creativity in 
deciding on this approach (no doubt inspired by 
his experience as a sculptor), as well as technical 
skills. He proceeded to make an impressive draw- 
ing of a human head, this time depicting the ven- 
tricles in more realistic shapes based on what he 
had observed in the ox. Equally astute was his 
positioning of the cranial nerves. We can identify 
seven pairs, including the olfactory nerves, which 
had never before been described as cranial nerves, 
and the optic nerves. He was the first to diagram 


in a naturalistic way how the nerves cross over at 
the optic chiasma. All these cranial nerves no lon- 
ger entered the ventricles, as they had in the tradi- 
tional illustrations, but instead traversed the sur- 
rounding brain tissue. Leonardo had progressed 
as an anatomist to the point that he drew what he 
saw, even when it contradicted the enormous 
weight of authority. 

Leonardo performed his experiments on the 
brain in a broader context of his studies on the 
nature of sensory stimuli and the function of the eye. 
He maintained a largely traditional theory of how 
the eye detects images. Light, he believed, is a 
“power” that carries visual rays from an object to 


E CHALLENGES, 
DO MADE ENORMOUS 
SIN ONE LIFETIME. 


the eye in the form of “pyramids” that meet the eye 
at the top of the pyramid. Waves of “percussion” 
pass through the pupil and lens down the optic 
nerve to the imprensiva and then to the senso 
comune, where they enter consciousness. Having 
read the literature regarding optics and then per- 
formed his own experiments, Leonardo struggled 
to the conclusion that we see objects because the eye 
receives light. This view was in opposition to those 
espoused by Plato, Euclid, Galen and others, who 
held that visual power emanated from the eye, 
although it was supported by some, including the 
great Arab philosopher and physicist Alhazen. 
Despite such challenges, Leonardo made enor- 
mous strides in one lifetime. If he could travel for- 
ward in time to visit our society, he would surely 
marvel at our further progress in understanding the 
brain’s physical functions through the use of obser- 
vation and experimentation. At the same time, he 
might be surprised to learn how many of the ques- 
tions he posed still remain incompletely addressed 
by modern neuroscience: How is it that we read or 
remember? Why do some people have intellectual 
disabilities or epilepsy? Why do we dream or even 
sleep? What is the soul? Thanks in part to the foun- 
dations laid by Leonardo and others, perhaps we 
will have answers within the next five centuries. M 


MORE TO EXPLORE 


@ Leonardo da Vinci’s Elements of the Science 
of Man. Kenneth Keele. Academic Press, 1983. 


@ Pevsner Laboratory: http://pevsnerlab. 
KennedyKrieger.org/leonardo.htm 
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UNVEILING 
THE REAL 
EVIL GENIUS 


OF CONTRO 


By Ingrid Wickelgren 


n 1940 Action Comics in- 
troduced a brilliant super- 


villain named Lex Luthor 
who tries to kill Superman to 

advance his plot to rule the world. 
More recently, news articles portrayed 
Bernard Madoff as an “evil genius” be- 
cause of his Ponzi scheme that siphoned 
some $20 billion from investors. 

We think of an evil genius as some- 
one who devises a clever plan for wrong- 
doing on a large scale. According to be- 
havioral economist Dan Ariely of Duke 
University, however, the genius of the 
perpetrators often manifests itself not in 
elaborate planning of misdeeds but in al- 
most the exact opposite: an unplanned 
escalation of a minor wrong they imagi- 
natively have justified to themselves. I 
spoke with Ariely, author of The (Hon- 
est) Truth about Dishonesty (Harper, 
2012), about the true origins of evil ge- 
nius. Interview excerpts follow. 


Creativity, or genius, is usually thought 
to be a positive attribute. What made 
you think it might have a dark side? 
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Behavioral economist Dan Ariely of Duke University has probed the origins of dishonesty. 
Among his insights: creativity can contribute. 


There are two models of dishonest be- 
havior. The economic model is one in 
which people do a cost-benefit analysis. 
You go by a store and ask yourself, 
“How much money do they have in the 
store, and what are the chances I’d be 
caught?” You then decide whether to 
rob the store or not. We found very little 
evidence that this is how people think. 
What we do find is that lots of us are 
able to cheat a little bit and still think of 
ourselves as honest people. This suggests 
that dishonesty is all about rationaliza- 
tion. It’s all about the small acts we can 
take and then think to ourselves, “No, 
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this is not real cheating.” Think about 
people who do accounting fraud. When 
they start, they say to themselves, “The 
rules of accounting are so unclear, is it re- 
ally so bad?” Or they say, “I'll fix it in the 
next quarter.” Or think about when Clin- 
ton said, “I did not have sexual relations 
with that woman, Miss Lewinsky.” At the 
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time, he likely redefined sexual relations, 
and in his mind he really didn’t cheat. 

So I wondered: What kind of people 
would be able to rationalize better than 
others? Creative people will be able to 
tell themselves better stories. Intelligence 
doesn’t change anything, we found. It’s 
not the smartness part. The creativity 
part lets you find all kinds of ways to 


to Madoff—he [rarely talks] to any- 
body—but I’ve talked to people who 
know him. He took lots of money from 
people and yet didn’t seem to think 
about the endgame. If you or I were go- 
ing to steal $20 billion, wouldn’t we find 
a nice island somewhere with no extra- 
dition rules and figure out how to get 
there when the time comes? I would 


company and asked its employees ques- 
tions that tested their moral flexibility in 
personal relationships, taxes, relationships 
with companies, and so on. If you were on 
a business trip, would you report a dinner 
you purchased after you got home on your 
expense report? We also asked the CEO 
which jobs have more or less creativity. 
The results showed that the more creativ- 


convince yourself that what you’re doing 


is actually okay. 


Are all creative people more 
dishonest, or are other personality 
characteristics required? 

It’s very easy to think that dishonesty is 
only a function of the individual, but the 
reality is that the environment plays a 
big role. You cheat when the rules are 
flexible or not very clear and when you 
have a conflict of interest or a reason to 
have a biased perception of reality. Let’s 
say you and I think of ourselves as hon- 
est people. But imagine we were on Wall 
Street in 2007, and we could get a 
$10-million bonus if only we could see 
mortgage-backed securities as a good 
product. With $10 million on the line, 
you could probably convince yourself 
these securities are quite good—or at 
least better than they are. But if the envi- 
ronment doesn’t allow for dishonesty, 
creativity won’t be sucha big deal. If you 
put a creative person in a military acad- 
emy, where he has no flexibility in his de- 
cisions, he will be perfectly honest. 


When we think about evil genius, we 
imagine clever plots to take over the 
world. But most creative dishonesty 
isn’t like that, is it? 

It’s important to distinguish between 
how acts of dishonesty start and how 
they end. I’ve been interviewing cheat- 
ers, people who are involved in all kinds 
of white-collar crime. I’ve tried to talk 


speculate that when he started, he did 
not have a long-term plan. I suspect that 
in the first quarter, he said, “I’ll just do 
this for one quarter, and then next quar- 
ter P’ll make it up....” But then he fell 
more and more behind. I think evil ge- 
niuses start like all of us—they are may- 
be a little more creative, so maybe their 
acts are more frequent or extreme—but 
the vast majority get ona slippery slope, 
and at some point there’s no way back. 


What is the evidence that a creative 
personality can breed dishonesty? 
In our first experiments, we took stu- 
dents and measured how creative they 
were using multiple methods. No matter 
the measure, we found that the more cre- 
ative people cheated more ona math test. 
Second, we tried to temporarily in- 
crease creativity in some people but notin 
others. There are all kinds of evidence that 
this works. [For tips on boosting crea- 
tivity, see “Your Fertile Brain at Work,” 
by Evangelia G. Chrysikou, on page 86; 
and “Let Your Creativity Soar,” by Mari- 
ette DiChristina et al., on page 94.] Those 
in whom we increased creativity cheated a 
bit more. That’s more causal, supporting 
the idea that creativity is the mechanism. 
Then we went to a big advertising 


MORE TO EXPLORE 


ity in a person’s job, the more moral flex- 
ibility the person reported in our survey. 


How can the dark side of creativity be 
avoided or diminished? 

Creativity is very helpful for lots of 
things, so we don’t want to stamp it out. 
But if you take creative people and put 
them in a situation where they have a 
conflict of interest and where the rules 
are flexible, this is going to be a bad rec- 
ipe. Wherever rationalization is easy, I 
would worry a lot about the rules, regu- 
lations and code of conduct—and then I 
would try to eradicate conflict of inter- 
est. In finance, you can make lots of 
money if you see reality in one way or an- 
other. In medicine, if a physician gets 
paid for prescribing a test or procedure, 
creativity can also play a big dangerous 
role. And there are cases where creativity 
exercises might not be beneficial. I would 
also worry about increasing creativity 
just before doing taxes or playing golf. 


Is lying okay in some instances? 

Not all dishonesty is bad. We all know 
about white lies and social politeness. 
Telling the truth all the time is a difficult 
thing to live with, which is why we often 
encourage some level of dishonesty. M 


@ The Dark Side of Creativity: Original Thinkers Can Be More Dishonest. Francesca 
Gino and Dan Ariely in Journal of Personality and Social Psychology, Vol. 102, No. 3, 


pages 445-459; 2012. 
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THE CREATIVESUNGCONSGIOUS: 
WHEN YOU DREAM, YOU ENTER 
AN ALTERNATIVE STATE OF 
CONSCIOUSNESS—A TIME WHEN 
TRUE INSPIRATION CAN STRIKE 
FAST FACTS 
z OPENING THE MIND 
By Deirdre Barrett dike oh tad 
Photoillustration by Aaron Goodman Seip iEMIne boat 
our usual concerns 
in a different state 
of consciousness. 
@ Dreams can be 
s a young mathemati- especially helpful for 
: " problems that require 
cian in the 1950s, Don creativity or visualization 
Newman taught at to solve. 
the Massachusetts In- © By thinking about 
stitute of Technolo specific dilemmas before 
: rae 8Y bed, we can increase 
alongside rising star and Nobel- our chances that we will 
laureate-to-be John Nash. Newman dream a solution. 


had been struggling to solve a partic- 
ular math problem: “I was ... trying 
to get somewhere with it, and I 


couldn’t and I couldn’t and 
Icouldn’t,” he recalled. o 
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One night Newman dreamed that he was reflect- 
ing on the problem when Nash appeared. The sleep- 
ing Newman related the details of the conundrum 
to Nash and asked if he knew the solution. Nash ex- 
plained how to solve it. Newman awoke realizing he 
had the answer! He spent the next several weeks 
turning the insight into a formal paper, which was 
then published in a mathematics journal. 

Newman is hardly alone in making a practical 
breakthrough during a night of 
sleep. While dreaming, Fried- 
rich August Kekulé came up 
with the structure of benzene, 
Dmitry Mendeleev conjured up 
his final form of the periodic 
table of the elements and Otto 
Loewi thought of the neurosci- 
ence experiment that won him 
a Nobel Prize in medicine. 

Modern engineers Paul 
Horowitz and Alan Huang 
dreamed designs for laser-tele- 
scope controls and laser com- 
puting, respectively. Innumer- 
able artists and filmmakers 
have depicted images that came 
to them in their sleep. Mary Shelley dreamed the 
two main scenes that became Frankenstein, and 
Robert Louis Stevenson did the same with Dr. Jekyll 
and Mr. Hyde. Ludwig van Beethoven, Paul Mc- 
Cartney and Billy Joel all awoke to discover new 
tunes ringing in their minds. Mahatma Gandhi’s 


logical demands of sleep alter the way the brain func- 
tions. Dreams may seem bizarre or nonsensical be- 
cause the chemistry of the sleeping brain affects how 
we perceive our own thoughts, but we nonetheless 
continue focusing on all the same issues that concern 
us while we are awake. This unusual state of con- 
sciousness is often a blessing for problem solving—it 
helps us find solutions outside our normal patterns 
of thought. By following a few simple steps, we can 
even harness this power, encour- 
aging our sleeping brain to ru- 
minate on particular concerns. 


Anatomy of a Dream 

One often hears the ques- 
tion, “What is dreaming for?” 
You would never pose such a 
simplistic query about waking 
thought. It is for everything. 

Nevertheless, theorists have 
long offered one-function ex- 
planations for dreaming. Sig- 
mund Freud believed that 
dreams primarily express re- 
pressed wishes, namely infan- 
tile sexual and aggressive im- 
pulses. Other psychoanalysts thought dreams had 
more to do with narcissistic strivings or compensa- 
tion for feelings of inferiority. More recently, psy- 
chologists have posited that dreams simulate threats 
or help to consolidate memories. All these theories 
characterize some dreams, but none of them can ac- 


EAMS ARE SIMPLY THOUGHT IN A DIFFERENT BIOCHEMICAL STATE. WE CONTINUE 
CUSING ON ALL THE SAME ISSUES THAT CONCERN US WHILE WE ARE AWAKE, 


call for a nonviolent protest of British rule of India 
was inspired by a dream. 

Yet dreams so often seem incoherent, bizarre or 
even trivial. We search intensely for our brother in 
an endless maze of corridors because we must give 
him a yellow package. But when we find him, we 
have forgotten the package—which we are certainly 
not holding any longer—and anyway he is now a 
neighbor, not a brother. Other dreams are ephem- 
eral—we wake up thinking about a yellow box, but 
that is all we recall. 

For decades scientists have puzzled over how 
dreams could display such diverse characteristics. Re- 
search is now suggesting that dreams are simply 
thought in a different biochemical state. The physio- 


count for every type. Just as waking thought can 
drift between reminiscing, planning, rumination, 
and so on, dream cognition seems to encompass 
many modes of thought. 

Most early theorists assumed that the dreams 
we remembered constituted all dreams. Several 
hypotheses supposed that people experienced 
dreams when some specific situation triggered a set 
of distinctive feelings—the desire for sex, say, or a 
bruised ego. In the 1950s, however, a series of 
groundbreaking studies by Eugene Aserinsky and 
Nathaniel Klietman, both then at the University of 
Chicago, revealed that people have many more 
dreams than they are likely to remember. The two 
sleep researchers discovered that human slumber 
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Revolutionary ideas and works of art may grow froma 
dream: Mary Shelley’s Frankenstein, Dmitry Mendeleev’s 
layout of the periodic table, Friedrich August Kekulé’s dis- 
covery of benzene’s structure, and architect Solange Fabiao’s 
concept for the City of the Ocean museum in Biarritz, France. 


consists of approximately 90-minute cycles, each 
one containing a period of rapid eye movement 
(REM) and heightened brain activity—about as 
much activity as when we are awake. When the sci- 
entists awakened people near the end of each REM 
period, the sleepers recounted an average of al- 
most five dreams per night. The discrepancy be- 
tween the subjects’ reports when awakened right 
after the REM period, as opposed to later, led the 
scientists to conclude that dreams almost always ac- 
company this stage of sleep even if none are recalled 
by the morning. 

Within the past two decades positron-emission 
tomography (PET) scans have allowed us to see 
which brain areas are involved in dreaming. Parts 


of the cortex associated with visual imagery and 
the perception of movement become activated even 


more dramatically than when we are awake, as do 
some deep brain areas associated with emotion. In 
contrast, the dorsolateral prefrontal cortex is less 
engaged during dreaming; this area is associated 
with volitional action and the evaluation of what is 
logical and socially appropriate. These PET results 
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fit the characteristics of dreams well; dream reports 
almost always contain visual imagery and often 
involve movement. The prefrontal findings fit neat- 
ly with the fact that dreams have long been associ- 
ated with less “censorship”—not only in the Freud- 
ian sense of uninhibited sex and aggression but also 
in terms of our filtering out scenarios that are illog- 
ical or abnormal. We will re- 
turn to this point when discuss- 
ing methods of problem solv- 
ing. Sometimes tackling a 
puzzle the “wrong” way can 
lead to surprising insights. 
Evolutionary psychologists 
were quick to point out that 
this PET portrait of the dream- 
ing brain makes sense because 
such activity would have sup- 
ported human survival—cer- 
tain areas of the brain are safer 
to turn on and off during sleep 
than others. Donald Symons, 
an anthropologist at the Uni- 
versity of California, Santa 
Barbara, argued in his 1993 paper “The Stuff That 
Dreams Aren’t Made Of” that sleepers must moni- 
tor the environment with specific senses—to smell 
smoke, hear intruders, sense temperature changes 
and feel pain. Hallucinating vividly in those senso- 
ry modes might lead us to wake up frequently in an 
unnecessary panic, or, even worse, over a long pe- 
riod we might evolve a threshold of tolerance that 


would cause us to block our real warnings. Our 
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eyes can be closed, however, because we do not need 
to monitor our visual environment during sleep. 
And our body can be paralyzed, as is normal during 
REM sleep, because we do not need to move—in 
fact, we should not move until we awaken. 

Evolution, then, may help elucidate why certain 
brain areas are more or less active when we sleep. 
The pattern of activity explains 
: why dreams have the character- 
ae istics they do—visually rich and 
logically loose. At first, these ex- 
citing physiological findings gave 
rise to a proliferation of theories 
that dreams were just an epiphe- 
nomenon, or side effect, of the 
brain patterns during slumber. 
Sleep researchers often referred 
to REM activity as “random,” 
although no evidence suggested 
it was any more random than 
waking brain activity. Many the- 
orists leaped to pronounce 
dreams “explained.” 

I reiterate: we would never 
dismiss waking thought so quickly. Knowing that 
our prefrontal cortex is active when we encounter a 
social prohibition does not explain away the subjec- 
tive debate we experience when deciding how to re- 
spond. Likewise, describing a dream’s content or its 
associated brain activity does not answer the ques- 
tion of its purpose. Brain researchers finally grasped 
this fact after a two-decade lull and in the past sever- 
al years have begun studying dreams seriously again. 


Sleep on It 

By the 1990s a growing body of re- 
search suggested that slumber is impor- 
tant for consolidating new learning: even 
very early studies had shown that sleeping 
for a while after learning something new 
results in much better recall than after 
spending the same amount of time awake. 
More recent findings hint at a special role 


Dreams occur in rapid eye movement 
(REM) sleep, during which the brain is 
just as active as when we are awake. 
Here positron-emission tomography 
scans show the brain during REM sleep 
(left) and while awake (right). Activity is 
indicated by the color spectrum, with 
red indicating the most active areas and 
blue the least. 
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for REM sleep in memory consolidation. Studies of 
rats learning to navigate mazes have found that dur- 
ing REM sleep, brain activity mimics that of the 
awake rodent training in the maze, which suggests 
that circuits may be reinforced during REM sleep. 
In humans, too, research supports the role of REM 
sleep in memory. The more REM sleep subjects get 
after learning, the better they recall emotionally 
charged material. 

In 2009 psychologists at the University of Cali- 
fornia, San Diego, examined whether REM facili- 
tated more than just memory when learning. They 
gave their subjects a test that required creative prob- 
lem solving and then dropped hints about the an- 
swers. The subjects then spent some time either 


awake, in non-REM sleep only or in REM sleep be- 
fore taking the test again. The REM sleep group 
showed the most improvement on their creative so- 
lutions to the previously presented problems. 

The same year in Robert Stickgold’s lab at Har- 
vard University, a team led by then postdoctoral re- 
searcher Ina Djonlagic had subjects learn a compli- 
cated system of weather prediction. The students 
were shown a combination of images, each repre- 
senting a probability of sun or rain. The students did 
not know the meaning of the images, but they at- 
tempted to figure them out through trial and error 
by predicting an overall chance of sun or rain and 
getting feedback on their answers. The researchers 
found that subjects who nodded off before doing the 
task again were more likely to discover the general 
rule behind the images’ meaning through an “aha!” 
type of insight than those who stayed awake. In ad- 
dition, their heightened performance, as well as 
their ability to explicitly articulate that they had 
grasped the general rule, was correlated with the 
amount of REM sleep they had gotten. 

Further research confirms that REM sleep aids 
in problem solving. Ina series of studies in the same 
Harvard lab, Erin J. Wamsley, also then a postdoc- 
toral researcher, asked subjects to navigate a virtual 
maze. After some practice, they got either a waking 
break, REM sleep or a non-REM sleep period. As 
Wamsley reported at the 2011 SLEEP conference, 
only REM sleep sharpens participants’ perfor- 
mance. In addition, when she woke or interrupted 


them to ask what they are thinking or dreaming, the 
theme was often the maze—but only when this 
thinking occurs in REM sleep did subjects fare bet- 
ter the next time they tackle the real maze. 

Because REM sleep is the stage during which 
dreams occur, these sleep studies imply that dream- 
ing might have something to do with creative prob- 
lem solving. Mounting experimental evidence, as 
well as countless anecdotes of solutions that popped 
up during dreams, supports this idea. 

The first study on dreams and objective problem 
solving was conducted more than a century ago. In 
1892 Charles M. Child of Wesleyan University 
asked 186 college students whether they had ever 
addressed a problem ina dream. One third said they 


IN AREAS THAT RESTRICT OUR THINKING TO THE LOGICAL AND FAMILIAR 
MUCH LESS ACTIVE DURING REM SLEEP. SUCH DISINHIBITION IS 
UCIAL PART OF CREATIVE THOUGHT. 


had. The students reported playing a chess game, 
solving an algebra problem, detecting a bookkeep- 
ing error and translating a passage from Virgil 
while slumbering. 

The next major breakthrough came when re- 
searchers decided to try seeding people’s dreams 
with a specific problem. In 1972 sleep researcher 
William Dement of Stanford University asked 500 
of his students to spend 15 minutes a night trying to 
solve brainteasers, making sure that they fell asleep 
with an unsolved problem on their mind. Students 
reported having 87 dreams, seven of which solved 
a brainteaser. 

Such puzzles are a useful tool for testing creative 
problem solving because people are likely to get 
stuck before having an “aha!” moment of insight. 
Yet these brainteasers may be beyond the ability of 
some subjects, and they are also not of great person- 
al import. In Dement’s study, which lasted three 
nights, all the correct answers came during the first 
night. He surmised that students lost motivation 
quickly on problems of little relevance to their lives. 
Therefore, in my own research in 1996, I took a 
different approach. I asked students to select their 
own objective problem. They recorded their 
dreams for a week and noted the ones they thought 
addressed the issue or contained a satisfactory so- 
lution. Two research assistants also judged whether 
the dreams focused on or solved the problems. 

Most of my subjects chose problems that ap- 
peared simpler than Dement’s brainteasers. Half of 
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HOW TO TRAIN YOUR DREAMS 


ntentionally trying to dream about a particular 

problem, called dream incubation, increases the 

chance that you will come up with a solution. The 
term “incubation” was borrowed from ancient 
Greek practices at the temples of Asclepius. There 
the ill tried to have dreams that would tell them 
how to cure their malady. In Western psychology, 
here is how we harness our dreams: 


1. Write down your problem as a brief phrase 
or sentence and place this note next to your 
bed. Also keep a pen and paper—and per- 
haps a flashlight—alongside it. 

. Review the problem for a few minutes before 
going to bed. 

. Once in bed, visualize the problem as a con- 
crete image, if possible. 

. Tell yourself you want to dream about the 
problem as you drift off to sleep. 

. On awakening, lie quietly before getting out 
of bed. Note whether you recall any trace of 
a dream and try to invite more of the dream 
to return. Write it down. 


NO 


w 
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them had dreams they felt touched on their concern, 
and one third dreamed a solution to it. Judges rated 
only slightly fewer dreams as tackling or solving 
problems. Although a number of the problems had 
to do with homework or mundane tasks such as re- 
arranging furniture, some of the most interesting 
solutions came up in dreams about major life deci- 
sions. For instance, this dilemma was rated as 
solved by both the dreamer and the judges: 


Problem: \ have applied to two programs in 
clinical psychology and two in industrial 
psychology because I can’t decide which 
field I want to go into. 

Dream: There’s a map of the U.S., and ’m 
in a plane flying over this map. The pilot 
says we’re having engine trouble and need 
to land. We look for a safe place on the map, 
indicated by a light. I ask about Massa- 
chusetts, which we’re right over, but he says 
that all of Massachusetts is very dangerous. 
The lights seemed to be farther west. 
Solution: | woke up and realized that my 
two clinical schools are both in Massachu- 


If you want a more elaborate process, add 
these steps to your incubation routine: 


6. At bedtime, picture yourself dreaming about 
the problem, awakening and writing on your 
bedside notepad. 

7. Arrange objects connected to the problem 
on your night table or on the wall across from 
your bed. —D.B. 


setts, where I have spent my entire life and 
where my parents live. Both industrial pro- 
grams are far away, in Texas and California. 
This is because originally I was looking to 
stay close to home, and there were no good 
industrial programs nearby. I realized that 
there is a lot wrong with staying at home, 
and funny as it sounds, getting away is prob- 
ably more important than which kind of 
program I go into. 


A Portal to Creativity 

The all-time most famous dream example— 
Kekulé realizing that the structure of benzene was a 
closed ring after dreaming of a snake made of atoms 
taking its tail in its mouth—illustrates the two dis- 
tinctive features of problem solving in dreams. Recall 
that the brain areas that usually restrict our thinking 
to the logical and familiar are much less active dur- 
ing REM sleep. Many studies of creativity suggest 
that such disinhibition is a crucial component of cre- 
ative thought. [For more on how cognitive disinhibi- 
tion allows new ideas to surface, see “The Unleashed 
Mind,” by Shelley Carson, on page 28.] Similarly, 
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the high activity in the visual areas of the sleeping 
brain allows it to visualize solutions more readily 
than in waking thought. Kekulé had been stumped 
because all known molecules were straight lines 
with side chains, and he had assumed, wrongly, that 
benzene would follow suit. 

My research confirms that dreamed solutions 
tend to have unusual visual characteristics. Through 
the late 1990s I scoured the existing literature on 
dreams, combed professional biographies and his- 
tory books for examples of problem-solving dreams, 
and queried working professionals as to whether 
they had ever had dreams that were useful in their 
jobs. Certain patterns emerged from this research. 
Well over half of the visual artists said they had used 
dreams in their work. About half of fiction writers 
had. The numbers dropped off rapidly as the profes- 


sions became more abstract. Within the sciences, in- 
ventors, engineers and others who benefit from vi- 
sualizing problems in three dimensions were like- 
lier to report helpful dreams. Some dreamers even 
had multiple examples of having awakened with a 
solution and had developed an explicit bedtime in- 
cubation routine. 

In a study for which I reported preliminary re- 
sults in June 2011 at the International Association 
for the Study of Dreams Conference, I investigated 
how dream-based problem solving might benefit 
working men and women more broadly. Profession- 
als aged 21 to 69 attempted to solve real work-relat- 
ed problems in their sleep. These subjects seemed to 
dream about their problems with the same frequen- 
cy as the college students I had observed in 1996; 
however, they reported less than half the number of 
solutions as compared with the students. The work- 
related problems may simply be more difficult than 
the college students’ dilemmas, and because this 
group is older, the subjects may not recall as many 
dreams. A significant number of them, however, did 
report having a useful dream after only one week of 
incubation practice [see box on opposite page]. 


Your Dreams 

Shortly after my book The Committee of Sleep 
was published in 2001, I heard Newman recount his 
story ona PBS show about John Nash and the film A 
Beautiful Mind. A year later | was unexpectedly seat- 


ed next to Nash at a dinner party. I asked him about 
the incident, which he remembered well. “Don actu- 
ally included a footnote thanking me in the paper,” 
Nash chuckled, “and he kept acting grateful, like ’'d 
actually helped him when it was his dream.” I came 
across that remark often in my survey. Solutions fre- 
quently came from a dream character—one comput- 
er programmer got repeated nocturnal lessons from 
Albert Einstein—and people had trouble taking full 
credit for what their dreaming mind had done. This 
tendency fits brain findings for REM sleep in which 
the dorsolateral prefrontal cortex, associated with 
perceptions of volition, is less active than parts of the 
brain associated with perceptions of visual images, 
movement and emotions. 

But we need not wait passively for inspiration to 
strike. We spend almost a third of our lives asleep— 


UTIONS FREQUENTLY CAME FROM A DREAM CHARACTER, AND PEOPLE HAD 
UBLE TAKING FULL CREDIT FOR WHAT THEIR DREAMING MIND HAD DONE. 


and almost a third of that time dreaming. My re- 
search suggests that in a short amount of time, peo- 
ple can learn to focus their dreams on minor prob- 
lems and often solve them. As for the bigger 
concerns, surveys find that all kinds of mysteries can 
be revealed in dreams—two Nobel Prizes resulted 
from dreams, after all. But even if you choose to 
leave your sleeping brain alone, pay attention: after 
nodding off, your brain in its altered state of con- 
sciousness is very likely already hard at work. M 
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THE CREATIVE UNCONSCIOUS: 


FAST FACTS 
ASLEEP YET AWARE 


@ Approximately eight 
out of 10 people have 
had a lucid dream, in 
which they were con- 
scious of their dreaming, 
at least once. 


@ Parts of the brain tend 
to work together more 
intensely during lucid 
dreaming than in other 
dream phases. 


© Lucid dreaming is use- 


ful for treating chronic 
nightmares and perhaps 
even anxiety. 


UNLOCKING 
THE LUCID 
DREAM 


BECOMING AWARE 
OF YOUR SLEEPING 
SELF COULD RELIEVE 
ANXIETY OR TAP 

THE CREATIVE 
UNCONSCIOUS 


By Ursula Voss 


I moved my eyes, and I realized 
that I was asleep in bed. 
When I saw the beautiful 

landscape start to blur, 

I thought to myself, “This is 
my dream; I want it to stay!” 
And the scene reappeared. 
Then I thought to myself how 
nice it would be to gallop 
through this landscape. I got 
myself a horse ... I could feel 
myself riding the horse and 
lying in bed at the same time. 
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o recounted a test subject in the sleep laboratory at the 
University of Bonn in Germany. This particular sleeper 
was having a lucid dream, in which the dreamer recog- 
nizes that he or she is dreaming and can sometimes 


influence the course of the dream. By measuring the brain 
waves of lucid dreamers, my colleagues have gained a better under- 
standing of the neural processes underlying this state of consciousness 
that exists between sleep and waking. In addition to providing clues 
about the nature of consciousness, research on lucid dreams is also 
beginning to suggest new ways to treat anxiety and learn complex 


movements while asleep. 


Most people report having a lucid 
dream at least once in their life, and a 
small fraction of us have them as often 
as once or twice a week. Some individu- 
als even develop routines to increase 
their chances of having a lucid dream 
[see box on opposite page|. But research- 
ers who wanted to study lucid dreams 
were long confounded by the need to 
rely on subjects’ self-reports. The pro- 
cess of recall is notoriously prone to dis- 
tortion; for example, some people may 


CHRONIC NIGHTMARE SUFFERERS OFTEN FIND THEIR ONLY SOURCE 
RELIEF 1S LEARNING HOW 10 TAKE CONTROL OF THEIR DREAM 
BECOMING AWARE MAY CREATE EMOTIONAL DISTANC 


confuse lucid dreams with the transient 
hallucinations that occur while falling 
asleep or waking up. 

In the mid-1970s some pioneers in 
the sleep research field figured out a way 
to prevent such misinterpretation. The 
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researchers instructed subjects to move 
their eyes a certain way as soon as the 
sleepers recognized that they were 
dreaming, for example, by rolling their 
eyes twice from left to right. These sig- 
nals can be easily distinguished from the 
rapid eye movement (REM) that occurs 
randomly during dreams. We still use 
this method today. 

After a sleeper has signaled with eye 
movements that a lucid dream has start- 
ed, researchers can investigate the corre- 


sponding brain activity using electroen- 
cephalography (EEG). In an EEG record- 
ing, electrodes attached to the skin of the 
head pick up the oscillating electrical sig- 
nals that indicate that thousands or mil- 
lions of neurons are firing in synchrony. 
Recent studies indicate that the brain’s 
activity during lucid dreaming resembles 
that of waking consciousness. 

In 2009 my team and I decided to 
take a closer look at the brain activity of 
lucid dreamers. In the sleep lab, we 
found what we believe to be an electrical 
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signature of lucid dreaming—increased 
activity in the 40-hertz range (the “gam- 
ma band”), primarily in the frontal lobe, 
located behind the forehead. We tend to 
generate these high-frequency waves 
when we concentrate on a particular ob- 
ject. In addition to the frontal lobe, oth- 


er regions of the cerebral cortex—the 
rippled mantle on the surface of the 
brain—play a major role in lucid dream- 
ing. The frontal lobe seems to work in 
lucid dreams much as it does in the wak- 
ing state. 

Another striking feature in our study 
involved coherence—a rough measure 
of how coordinated the activity is in var- 
ious areas of the brain. Coherence is gen- 
erally slightly decreased in REM sleep 
but not during lucid dreams. Think of 
the brain’s activity during REM sleep 
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AM | DREAMING? 


these techniques regularly are able to have one or two 


ucid dreams cannot be willfully induced, 
but you can increase the likelihood that 
you will have one. People who practice 


lucid dreams a week. 


1. Throughout each day, ask yourself repeatedly if you are awake. When this habit 


becomes ingrained, you may find yourself asking the question in a dream—at which 
point your chances of realizing you are dreaming skyrocket. 


2. Make a point to look in a mirror or reread a bit of text every so often as a “reality 


check.” In dreams, our appearance is often altered and the written word is notori- 
ously hard to pin down. You may carry the habit of checking for these dream signs 
into sleep, where they could alert you to the fact that you are dreaming. 


3. Keep a dream journal by the bed and jot down the dreams you remember immedi- 


ately on waking. Studies show that this practice makes you more aware of your 
dreams in general, and people who are more aware of their dreams are more likely 
to have a lucid dream. 


4. Before falling asleep, focus intently on the fantasy you hope to experience in as much 


detail as possible. Research shows that “incubating” an idea just before bed dra- 
matically increases the likelihood that you will dream about it. And if you suddenly 
notice that you are dancing with the movie star you hoped to meet, you might just 
realize you are having a dream and be able to take control of what happens next. 


Adapted from the Lucidity Institute’s Web site: www.lucidity.com 


as equivalent to a party with all the 
guests talking simultaneously. In lucid 
dreams, however, the party guests con- 
verse with one another, and the back- 
ground noise decreases. 


Beyond Fantasies 

Until recently, most experts thought 
of lucid dreaming as a curiosity—a fun 
way to act out wishful thinking about 
flying or meeting celebrities—but re- 
search has uncovered practical uses. 
Chronic nightmare sufferers often find 
their only source of relief is learning how 
to take control of their dreams. A study 
in October 2006 in Psychotherapy and 
Psychosomatics found that those who 
learned how to increase their frequency 
of lucid dreams reported fewer awful 
dreams, although the exact mechanism 
underlying the relief is unclear. Per- 
haps becoming aware during a bad 
dream allows sufferers to distance them- 
selves emotionally from the content. 

In theory, lucid dreams could help al- 


leviate generalized anxiety or the reac- 
tion to specific stimuli (for instance, spi- 
ders) by allowing people to confront wor- 
ries and frights in the safe environment 
afforded by knowing “it’s just a dream.” 
Our work with patients suffering from 
post-traumatic stress disorder suggests 
that learning how to control dreams re- 
duces the fear of dreaming, boosts self- 
confidence and makes patients more op- 
timistic about their ability to eventually 
cope with their trauma. 

Beyond therapeutic applications, lu- 
cid dreaming may also improve athletic 
performance. According to sports psy- 


MORE TO EXPLORE 


chologist Daniel Erlacher of the Univer- 
sity of Bern in Switzerland, athletes can 
internalize complex motor sequences, 
such as those needed in the high jump, 
more quickly after targeted lucid- 
dreaming training. 

Some researchers have asked whether 
lucid dreams could be useful in focusing 
the dreamer’s mind for problem-solving 
purposes. A small study in 2010 at Liver- 
pool John Moores University in England 
suggested that lucid dreams are good for 
creative endeavors such as inventing met- 
aphors but not for more rational exercises 
such as solving brainteasers. The lucid 
dreamers in the study were instructed to 
summon a “guru” figure, a wise charac- 
ter to serve as a kind of guide. Indeed, 
some of the subjects found their dream 
characters to be surprisingly helpful. 

We still have much to learn about lu- 
cid dreaming. For example, we do not 
know under what circumstances these 
dreams appear most frequently or how 
to induce them more reliably. What we 
have learned is that lucid dreaming is fre- 
quent in children until around age 16, 
particularly in children with higher cog- 
nitive abilities. This leads us to believe 
that lucid dreaming occurs naturally in 
the course of frontal lobe integration and 
brain maturation. Of course, it also rais- 
es many new questions, such as whether 
lucid dreaming may prove useful in en- 
hancing cognitive functioning. Lucid 
dreaming’s potential for therapy, prob- 
lem solving or pure entertainment could 
be limitless. M 


@ Lucid Dreaming: A Concise Guide to Awakening in Your Dreams and in Your Life. 


Stephen LaBerge. Sounds True, Inc., 2009. 
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IB ESCREAMN EAUNCONSGCIOUS: 


DAYDREAMING CAN HELP SOLVE PROBLEMS, 
TRIGGER CREATIVITY, AND INSPIRE GREAT WORKS 

OF ART AND SCIENCE. WHEN IT BECOMES COMPULSIVE, 
HOWEVER, THE CONSEQUENCES CAN BE DIRE 


FAST FACTS 
INNER WORLD 


@ Daydreams are an 

inner world where we can 
rehearse the future and 
imagine new adventures 
without risk. Allowing the 
mind to roam freely can aid 
creativity—but only if we 
pay attention to the content 
of our daydreams. 


@ Neuroscientists have 
identified the “default 
network”—a web of brain 
regions that become active 
when we mentally drift away 
from the task at hand into 
our own reveries. 


© When daydreaming turns 
addictive and compulsive, 
it can overwhelm normal 
functioning, impeding rela- 
tionships and work. 


By Josie Glausiusz 
Photoillustration by Aaron Goodman 


hen Rachel Stein (not her real 
name) was a small child, she 
would pace around ina circle 
shaking a string for hours at a 
time, mentally spinning intricate al- 

ternative plots for her favorite television shows. 
Usually she was the star—the imaginary sev- 
enth child in The Brady Bunch, for example. 
“Around the age of eight or nine, my older 
brother said, ‘You’re doing this on the front 
lawn, and the neighbors are looking at you. 
You just can’t do it anymore,’” Stein recalls. 


So she retreated to her bedroom, reveling in her elab- 
orate reveries alone. As she grew older, the television 
shows changed—first General Hospital, then The 
West Wing—but her intense need to immerse herself 
in her imaginary world did not. 

“There were periods in my life when daydreaming 
just took over everything,” she recalls. “I was not in 
control.” She would retreat into fantasy “any waking 
moment when I could get away with it. It was the first 
thing I wanted to do when I woke up in the morning. 
When I woke up in the night to go to the bathroom, it 
would be bad if I got caught up in a story because then 
I couldn’t go back to sleep.” By the time she was 17, 
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Stein was exhausted. “I loved the day- 
dreams, but I just felt it was consuming 
my real life. | went to parties with friends, 
but I just couldn’t wait to get home. There 
was nothing else that I wanted to do as 
much as daydreaming.” 

Convinced that she was crazy, she 
consulted six different therapists, none 


of whom could find anything wrong with 
her. The seventh prescribed Prozac, 
which had no effect. Eventually Stein be- 
gan taking another antidepressant, Lu- 
vox, which, like Prozac, is also a selective 
serotonin reuptake inhibitor but is usu- 
ally prescribed for obsessive-compulsive 
disorder. Gradually she brought her day- 
dreaming under control. By age 39, she 
was a successful lawyer, still nervously 
guarding her secret world. 

The scientific study of people such 
as Stein is helping researchers better un- 
derstand the role of daydreaming in 
normal consciousness—and what can 
happen when this process becomes un- 
healthy. For most of us, daydreaming is 
a virtual world where we can rehearse 
the future, explore fearful scenarios or 
imagine new adventures without risk. It 
can help us devise creative solutions to 
problems or prompt us, while immersed 
in one task, with reminders of other im- 
portant goals. 

For others, however, the draw of an 
alternative reality borders on addiction, 
choking off other aspects of everyday life, 
including relationships and work. Star- 
ring as idealized versions of themselves— 
as royalty, raconteurs and saviors in a 
complex, ever changing cast of charac- 
ters—addictive daydreamers may feel en- 
hanced confidence and validation. Their 
fantasies may be followed by feelings of 
dread and shame, and they may compare 
the habit to a drug or describe an experi- 
ence akin to drowning in honey. 

The recent discovery of a network in 
the brain dedicated to autobiographical 
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mental imagery is helping researchers 
understand the multiple purposes that 
daydreaming serves in our lives. They 
have dubbed this web of neurons “the de- 
fault network” because when we are not 
absorbed in more focused tasks, the 
network fires up. The default network 
appears to be essential to generating our 


sense of self, suggesting that daydream- 
ing plays a crucial role in who we are and 
how we integrate the outside world into 
our inner lives. Cognitive psychologists 
are now also examining how brain dis- 
ease may impair our ability to meander 
mentally and what the consequences are 
when we just spend too much time, well, 
out to lunch. 


Videos in the Mind’s Eye 

Most people spend between 30 and 
47 percent of their waking hours spacing 
out, drifting off, lost in thought, wool- 
gathering, in a brown study or building 
castles in the air. Yale University emeri- 
tus psychology professor Jerome L. Sing- 
er defines daydreaming as shifting atten- 
tion “away from some primary physical 
or mental task toward an unfolding se- 
quence of private responses” or, more 
simply, “watching your own mental vid- 
eos.” Singer, who published a lyrical ac- 
count of his decades of research on day- 
dreams in his 1975 book, The Inner 
World of Daydreaming (Harper & 
Row), divides daydreaming styles into 
two main categories: “positive-construc- 
tive,” which includes upbeat and im- 
aginative thoughts, and “dysphoric,” 
which encompasses visions of failure or 
punishment. Most people experience 
both kinds to some degree. 

Other scientists distinguish between 
mundane musings and extravagant fan- 
tasies. Michael Kane, a cognitive psy- 
chologist at the University of North Car- 
olina at Greensboro, considers “mind 
wandering” to be “any thoughts that are 
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unrelated to one’s task at hand.” In his 
view, mind wandering is a broad catego- 
ry that may include everything from pon- 
dering ingredients for a dinner recipe to 
saving the planet from alien invasion. 
Most of the time when people fall into 
mind wandering, they are thinking 
about everyday concerns, such as recent 


ST PEOPLE SPEND BETWEEN 30 AND 47 PERCENT OF THEIR WAKING HOURS SPACING OUT, 
IFTING OFF, LOST IN THOUGHT, WOOLGATHERING—OR, AS ONE SCIENTIST PUT IT, 
ATCHING YOUR OWN MENTAL VIDEOS.” 


encounters and items on their to-do list. 
More exotic daydreams in the style of 
James Thurber’s grandiose fictional fan- 
tasist Walter Mitty—such as Mitty’s 
dream of piloting an eight-engine hydro- 
plane through a hurricane—are rare. 

Humdrum concerns figured promi- 
nently in one study that rigorously mea- 
sured how much time we spend mind 
wandering in daily life. In a 2009 study 
Kane and his colleague Jennifer McVay 
asked 72 U.N.C. students to carry Palm- 
Pilots that beeped at random intervals 
eight times a day for a week. The subjects 
then recorded their thoughts at that mo- 
ment on a questionnaire. About 30 per- 
cent of the beeps coincided with thoughts 
unrelated to the task at hand. Mind wan- 
dering increased with stress, boredom or 
sleepiness or in chaotic environments 
and decreased with enjoyable tasks. That 
may be because enjoyable activities tend 
to grab our attention. 

Intense focus on our problems may 
not always lead to immediate solutions. 
Instead allowing the mind to float freely 
can enable us to access unconscious 
ideas hovering underneath the surface— 
a process that can lead to creative in- 
sight, according to psychologist Jona- 
than W. Schooler of the University of 
California, Santa Barbara. 

We may not even be aware that we 
are daydreaming. We have all had the ex- 
perience of “reading” a book yet absorb- 
ing nothing—moving our eyes over the 
words on a page as our attention wan- 
ders and the text turns into gibberish. 
“People oftentimes don’t realize that 
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People’s minds typically wander to everyday 
concerns, such as conversations with 
co-workers or errands to be run. More 
elaborate fantasies—such as Walter Mltty’s 
of piloting a plane—are far less common. 


they’re daydreaming while they’re day- 
dreaming; they lack what I call ‘meta- 
awareness,’ consciousness of what is cur- 
rently going on in their mind,” Schooler 
says. Aimless rambling across the moors 
of our imaginings may allow us to stum- 
ble on ideas and associations that we 
may never find if we strive to seek them. 


A Key to Creativity 

Artists and scientists are well ac- 
quainted with such playful fantasizing. 
Orhan Pamuk, the Turkish novelist who 
won the Nobel Prize in Literature in 
2006, imagined “another world,” to 
which he retreated as a child, where he 
was “someone else, somewhere else ... in 
my grandmother’s sitting room, I’d pre- 
tend to be inside a submarine.” Albert 


Einstein pictured himself running along 
a light wave—a reverie that led to his the- 
ory of special relativity. Filmmaker Tim 
Burton daydreamed his way to Holly- 
wood success, spending his childhood 
holed up in his bedroom, creating post- 
ers for an imaginary horror film series. 
Why should daydreaming aid cre- 
ativity? It may be in part because the 
waking brain is never really at rest. As 
psychologist Eric Klinger of the Univer- 
sity of Minnesota explains, floating in 
unfocused mental space serves an evolu- 
tionary purpose: when we are engaged 
with one task, mind wandering can trig- 
ger reminders of other, concurrent goals 
so that we do not lose sight of them. 
Some researchers believe that increasing 
the amount of imaginative daydreaming 
we do or replaying variants of the mil- 
lions of events we store in our brain can 
be beneficial. A painful procedure in a 
doctor’s office, for example, can be 
made less distressing by visualizations of 
soothing scenes from childhood. 


Yet to enhance creativity, it is impor- 
tant to pay attention to daydreams. 
Schooler calls this “tuning out” or delib- 
erate “off-task thinking.” In one of his 
studies, he and his colleague Jonathan 
Smallwood asked 122 undergraduates at 
the University of British Columbia to read 
a children’s story and press a button each 
time they caught themselves tuning out. 
The researchers also periodically inter- 
rupted the students as they were reading 
and asked them if they were “zoning out” 
or drifting off without being aware of it. 
“What we find is that the people who reg- 
ularly catch themselves—who notice 
when they’re doing it—seem to be the 
most creative,” Schooler says. Such sub- 
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If you are faced with a difficult decision, try not to think about the problem for a while. 
Instead do something else while letting your mind ramble. You may get a flash of insight 
from your subconscious that will lead you in the right direction. 


jects score higher ona standard test of cre- 
ativity, in which they are asked to describe 
all the uses of acommon object, such as a 
brick; high scorers compile a longer and 
more creative list. “You need to have the 
mind-wandering process,” he explains, 
“but you also need to have meta-aware- 
ness to say, ‘That’s a creative idea that 
popped into my mind.” 


The mind’s freedom to wander during 
a period of deliberate tuning out could 
also explain the flash of insight that may 
pop into a person’s head when he or she 
takes a break from an unsolved problem. 
Ut Na Sio, now at Carnegie Mellon Uni- 
versity, and Thomas Ormerod, now at the 
University of Sussex in England, conduct- 
eda meta-analysis of studies of these brief 


reveries. They found that people engaged 
ina mildly demanding task, such as read- 
ing during a break from, say, a visual as- 
signment such as the hat-rack problem— 
in which participants have to construct a 
sturdy hat rack using two boards and a 
clamp—did better on that problem than 
those who did nothing at all. They also 
scored higher than those engaged in a 
highly demanding task—such as mentally 
rotating shapes—during the interval. Al- 
lowing our mind to ramble during a mod- 
erately challenging task, it seems, enables 
us to access ideas not easily available to 
our conscious mind or to combine these 
insights in original ways. Our ability to 
do so is now known to depend on the nor- 
mal functioning of a dedicated day- 
dreaming network deep in our brain. 


The Mental Matrix of Fantasy 

Like Facebook for the brain, the de- 
fault network is a bustling web of memo- 
ries and streaming movies, starring our- 
selves. “When we daydream, we’re at the 
center of the universe,” says neurologist 
Marcus Raichle of Washington Univer- 
sity in St. Louis, who first described the 
network in 2001. It consists of three 
main regions: the medial prefrontal cor- 
tex, the posterior cingulate cortex and 
the parietal cortex. The medial prefron- 
tal cortex helps us imagine ourselves and 
the thoughts and feelings of others; the 
posterior cingulate cortex draws person- 
al memories from the brain; and the pa- 
rietal cortex has major connections with 
the hippocampus, which stores episodic 
memories—what we ate for breakfast, 
say—but not impersonal facts, such as 
the capital of Kyrgyzstan. “The default 
mode network is critical to the establish- 
ment of a sense of self,” Raichle says. 

It was not until 2007, however, that 
cognitive psychologist Malia Fox Mason, 
now at Columbia University, discovered 
that the default network—which lights up 
when people switch from an attention- 
demanding activity to drifting reveries 
with no specific goal—becomes more ac- 
tive when people engage ina monotonous 
verbal task, when they are more likely to 
mind wander. In an experiment, partici- 
pants were shown a string of four letters 
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such as R H V X for one second, which 
was then replaced by an arrow pointing 
either left or right, to indicate whether the 
sequence should be read forward or back- 
ward. When one of the characters in the 
string appeared, subjects were asked to 
indicate its position (first, second, third 
or last, depending on the direction of the 
arrow). The more the participants prac- 
ticed on each of the four original letter 
strings, the better they performed. They 
were then given a novel task, consisting 
of letter sequences they had not seen be- 
fore. Activity in the default network went 


“WHAT WE FIND IS THAT THE PEOPLE WHO REGULARLY CATCH THEMSELVES [DAYDREAMING]—-W 
NOTICE WHEN THEY'RE DOING IT-SEEM TO BE THE MOST CREATIVE,” ONE PSYCHOLOGIST SAY 


down during the novel version of the test. 
Subjects who daydreamed more in every- 
day life—as determined by a question- 
naire—also showed greater activity in the 
default network during the monotonous 
original task. 

Mason did not directly measure mind 
wandering during the scans, however, so 
she could not determine exactly when 
subjects were “on task” and when they 
were daydreaming. In 2009 Smallwood, 
Schooler and Kalina Christoff of the Uni- 
versity of British Columbia published the 
first study to directly link mind wander- 
ing with increased activity in the default 
network. The researchers scanned the 
brains of 15 U.B.C. students while they 
performed a simple task in which they 
were shown random numbers from zero 
to nine. Each was asked to push a button 
when he or she saw any number except 
three. In the seconds before making an 
error—a key sign that an individual’s at- 
tention had drifted—default network ac- 
tivity shot up. Periodically the investiga- 
tors also interrupted the subjects and 
asked them if they had zoned out. Again, 
activity in the default network was higher 
in the seconds before the moment they 
were caught in the act. Notably, activity 


Daydreaming can serve as a useful 
distraction. For example, conjuring up 
soothing scenes from the past could 
make a visit to the doctor more bearable. 


was strongest when people were unaware 
that they had lost their focus. “The more 
complex your mind-wandering episode 
is, the more of your mind it’s going to 
consume,” Smallwood says. 

Defects in the default network may 
also impair our ability to daydream. A 
range of disorders—including schizo- 
phrenia and depression—have been 
linked to malfunctions in the default net- 
work. In a 2007 study neuroscientist Pe- 
ter Williamson of the University of West- 
ern Ontario found that people with 
schizophrenia have deficits in the medial 


prefrontal cortex, which is associated 
with self-reflection. In patients experienc- 
ing hallucinations, the medial prefrontal 
cortex dropped out of the network alto- 
gether. Although the patients were think- 
ing, they could not be sure where the 
thoughts were coming from. People with 
schizophrenia daydream normally most 
of the time, but when they are ill, “they 
often complain that someone is reading 
their mind or that someone is putting 
thoughts in their head,” Williamson says. 

On the other hand, those who rumi- 
nate obsessively—rehashing past events, 


repetitively analyzing their causes and 


consequences, or worrying about all the 
ways things could go wrong in the fu- 
ture—are well aware that their thoughts 
are their own, but they have intense diffi- 
culty turning them off. The late Yale psy- 
chologist Susan Nolen-Hoeksema did not 
believe that rumination is a form of day- 
dreaming, which she defined as “imagin- 
ing situations in the future that are largely 
positive in tone.” Nevertheless, she found 
that in obsessive ruminators, who are at 
greater risk of depression, the same de- 
fault network circuitry turns on that is ac- 
tivated when we daydream. 


These ruminators—who may repeat- 
edly scrutinize faux pas, family issues or 
lovers’ betrayals—have trouble switching 
off the default network when asked to fo- 
cus mentally on a neutral image, such as 
a truckload of watermelons. They may 
spend hours going over some past inci- 
dent, asking themselves how it could have 
happened and why they did not react dif- 
ferently and end up feeling overwhelmed 
instead of searching for solutions. Exper- 
imental studies have shown that positive 
distraction—for example, exercise and 
social activities—can help ruminators 
reappraise their situation, as can tech- 
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niques for cultivating mindfulness that 
teach individuals to pay precise attention 
to activities such as breathing or walking 
rather than to thoughts. Yet people who 
daydream excessively may have the same 
problems ignoring their thoughts once 
they get going. Indeed, extreme day- 
dreamers find their private world so dif- 
ficult to escape that they describe it as an 
addiction—one as enslaving as heroin. 


When Daydreaming 
Becomes a Drug 

“Tm like an alcoholic with an un- 
limited supply of booze everywhere I 
go,” says Cordellia Amethyste Rose, of 
Oregon, who started an online forum 
called Wild Minds (http://wildminds. 
ning.com) for people who simply cannot 
stop daydreaming. Since childhood, 
Rose has conjured up countless imagi- 
nary characters in ever changing plots. 
“They’ve grown right along with me, 
had children—some have died,” she 
says. The deeper she delved into her vir- 
tual world, though, the more distressed 
she became. “I couldn’t pay attention for 
more than a split second. I would look at 


a book and zone out after every word.” 
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Even so, she found her invented compan- 
ions more compelling than anyone real. 
“T’ve learned to socialize internally with 
fictional characters I get along with,” 
she says. She could engage them in intel- 
lectual debate, whereas “socializing 
with outside people frustrates me. They 
all want to talk about the silliest things.” 

Rose says that she has no friends, but 
on Wild Minds she has found her peers. 
Many people posting to the site express 
relief that they have found others like 
themselves, emerging from a cocoon of 
loneliness and shame to share their expe- 
riences: misdiagnoses, lack of under- 
standing from families and therapists, 
and rituals like the one described by a qui- 
et girl who spends “endless hours” sway- 
ing in a rocking chair listening to music, 
daydreaming her life away. “It’s like a 
drug, poisoning and destroying your life,” 
says one anonymous fantasist, who admits 
to bingeing for days on a story line. “It’s 
even worse because an addict can put a 
drug down and walk away. You can’t put 
down your mind and walk away from it.” 

Yet few of the members of the Wild 
Minds community would abandon their 
mental creations, even if they could. One 
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hardworking nurse revels in imagined 
adventures starring a fictional medieval 
Queen Eleanor of Scotland, a skilled 
horsewoman with four concurrent hus- 
bands, who practices a made-up religion 
and is “a genius in both state and battle- 
craft ... trained in martial arts and is al- 
ways inventing marvelous things.” Like 
Thurber’s fictional fantasist, Queen El- 
eanor’s creator spends a lot of time men- 
tally rescuing disaster victims from 
burning buildings or “abseiling over 
cliffs, being winched in and out of heli- 
copters with casualties.” 

She has also documented her fantas- 
tical plots for independent biopsycholo- 
gist Cynthia Schupak, a researcher with 
a single-minded mission to understand 
compulsive daydreamers, who treated 
Rachel Stein and described her ordeal in 
a journal article published in 2009. Schu- 
pak is convinced that compulsive day- 
dreaming is a unique disorder, character- 
ized by an inability to control it and the 
deep distress over the condition. “Every- 
day escapist fantasy is fine and dandy, 
but this syndrome is different,” she says. 

In 2011 Schupak and psychology re- 
searcher Jayne Bigelsen published a study 


A pleasant reverie about 
a successful acting career 
might motivate you to 
work hard for a desired 
outcome, but it could be 
detrimental if you become 
oblivious to pickpockets 
or vehicular traffic. 
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“TM LIKE AN ALCOHOLIC WITH AN UNLIMITED SUPPLY OF BOOZE WHEREVER | G 
SAYS CORDELLIA AMETHYSTE ROSE, WHO STARTED AN ONLINE FOR 
FOR PEOPLE WHO CANNOT STOP DAYDREAMIN 


of 90 compulsive fantasizers—75 women 
and 15 men—garnered from Web sites 
such as the Yahoo group Maladaptive 
Daydreamers (http://health.groups. 
yahoo.com/group/maladaptiveday 
dreamers). The self-selected respondents 
devoted between 12.5 and 99 percent of 
their waking hours to daydreaming, and 
79 percent of them engaged in physical 
movement such as pacing while doing so. 
Many said everyday activities paled by 
comparison with their vivid inner worlds, 
and some drifted in and out of their alter- 
native reality in the midst of conversa- 
tion. Typically they reported that their 
daydreams made them feel comforted or 
confident “because it’s me, just magni- 
fied,” as one subject put it. Nevertheless, 
88 percent said they anguished over the 
amount of time spent fantasizing, even 
though most were gainfully employed or 
students. Nine percent had no friends or 
meaningful relationships, and 82 percent 
kept their daydreaming habit hidden 
from almost everyone. 

Some evidence suggests that mal- 
adaptive daydreaming could be a distinc- 
tive disorder. About a decade ago clinical 
psychologist Eli Somer of the University 
of Haifa in Israel recounted cases of six 
people consumed by fantasy lives packed 
with sadism and bloodshed. All had suf- 
fered some form of childhood trauma. 
One had been sexually molested by her 
grandfather. Another described his father 
as a brutal man who humiliated and 
physically abused family members. 

Somer believes that this mental activ- 
ity emerged as a coping mechanism to 
help his patients deal with intolerable or 
inescapable realities. When their en- 
hanced ability to conjure up vivid imag- 
ery is under control and does not inter- 
fere with social or academic success, “the 
phenomenon should probably be classi- 
fied as a talent rather than a disorder,” he 
says. Attitude may also be important. 


Yale University’s Singer, who grew 
up during the Great Depression and had 
no formal musical training, says he en- 
tertained himself through childhood and 
adolescence with the imaginary achieve- 
ments of “Singer the Composer,” an alter 
ego who wrote a complete repertoire of 
classical music, including operas and an 
unfinished Seventh Symphony. He does 
not consider his inner adventures harm- 
ful but rather sees them as a boredom- 
banishing sport—one that likely helped 
to propel him into his profession. 


Is Your Mind Wandering 
Out of Control? 

How do you know when you have 
tipped over from useful and creative day- 
dreaming into the netherworld of com- 
pulsive fantasizing? First, notice whether 
you are deriving any useful insights from 
your fantasies. “The proof is in the pud- 
ding,” Schooler says. “Creative individu- 
als—artists, scientists, and so on—often- 
times report ideas that have occurred to 
them during daydreams.” Second, it is 
important to take stock of the content of 
your daydreams. To distinguish between 
beneficial and pathological imaginings, 
he adds, “Ask yourself if this is something 


MORE TO EXPLORE 


useful, helpful, valuable, pleasant, or am 
I just rehashing the same old persevera- 
tive thoughts over and over again?” And 
if daydreaming feels out of control, then 
even if it is pleasant it is probably not use- 
ful or valuable. 

Whether or not mind wandering 
causes distress often depends on the con- 
text, Kane observes. “We argue that it’s 
not inherently good or bad; it all depends 
on what the goals of the person are at the 
time.” It may be perfectly reasonable for 
a scientist to mentally check out in the 
midst of a repetitive experiment. And a 
novelist who can publish her reveries is 
clearly putting them to good use. 

“Happily, a lot of what we do in life 
doesn’t require that much concentra- 
tion,” Kane says. “But there are going to 
be some contexts in which it is costly. 
Does the cost to your activity, to your 
reputation, to your performance, over- 
whelm the benefit that you may be get- 
ting from those thoughts? You can imag- 
ine situations where it is so costly that 
there’s no thought you could be having 
that’s worth it,” he says, pausing to con- 
sider the possibilities. “You’ve crossed 
the line,” Kane concludes, “if you walk 
into traffic and get killed.” M 
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NEED FOR 


PLAY 


FREE, IMAGINATIVE 
PLAY IS CRUCIAL 
FOR NORMAL 
SOCIAL, EMOTIONAL 
AND COGNITIVE 
DEVELOPMENT. .) 
IT MAKES US | 
BETTER ADJUSTED, 
SMARTER AND 
LESS STRESSED 


By Melinda Wenner Moyer 
Photograph by Aaron Goodman 


FAST FACTS 
GO AHEAD, HORSE AROUND 


@ Childhood play is crucial 
for social, emotional and 
cognitive development. 

@ Imaginative and rambunctious 
“free play,” as opposed to games 
or structured activities, is the 
most essential type. 

® Kids and animals that 
do not play when they 
are young may grow 
into anxious, socially 
maladjusted adults. 


—— 
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n August 1, 1966, the day psy- 
chiatrist Stuart Brown start- 
ed his assistant professorship 

at the Baylor College of Medi- 

cine in Houston, 25-year-old 

Charles Whitman climbed to the top of the 

University of Texas Tower on the Austin 

campus and shot 46 people. Whitman, an 

engineering student and a former U.S. 

Marine sharpshooter, was the last person 

anyone expected to go on a killing spree. 

After Brown was assigned as the state’s con- 

sulting psychiatrist to investigate the incident 

and later, when he interviewed 26 convicted 

Texas murderers for a pilot study, he discov- 

ered that most of the killers, including Whit- 

man, shared two things in common: they 
were from abusive families, and they never 
played as kids. 

Brown did not know which factor was 
more important. But in the 50 years since, 
he has interviewed more than 6,000 people 
about their childhoods, and his data suggest 
that a lack of opportunities for unstruc- 
tured, imaginative play can keep children 
from growing into happy, well-adjusted 
adults. “Free play,” as scientists call it, is 
critical for becoming socially adept, coping 
with stress and building cognitive skills such 
as problem solving. Research into animal 
behavior confirms play’s benefits and estab- 
lishes its evolutionary importance. 
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When animals play, their body language signals that any nipping or tumbling is meant to be 
friendly and fun. Play similarly teaches kids to better communicate with one another. 


Most psychologists agree that play 
affords benefits that last through adult- 
hood, but they do not always agree on 
the extent to which a lack of play harms 
kids—particularly because, in the past, 
few children grew up without ample 
frolicking time. But today free play may 
be losing its standing as a staple of 
youth. According to a paper published 
in 2005 in the Archives of Pediatrics & 
Adolescent Medicine, children’s free- 
play time dropped by a quarter between 
1981 and 1997. Concerned about get- 
ting their kids into the right colleges, 
parents are sacrificing playtime for 
more structured activities. As early as 
preschool, youngsters’ after-school 
hours are now being filled with music 
lessons and sports—reducing time for 
the type of imaginative and rambunc- 
tious cavorting that fosters creativity 
and cooperation. Free play has been 
sacrificed at school, too. According toa 
2007 survey conducted by the Center 
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on Education Policy, 20 percent of 349 
American elementary public school dis- 
tricts had decreased their recess time 
since 2001. 

A handful of studies have support- 
ed Brown’s conviction that a play- 
deprived childhood disrupts normal 
social, emotional and cognitive devel- 
opment in humans and animals. He 
and other psychologists worry that 
limiting free play in kids may result in 
a generation of anxious, unhappy and 
socially maladjusted adults. “The con- 
sequence of a life that is seriously play- 
deprived is serious stuff,” Brown says. 
But it is never too late to start: play also 
promotes the continued mental and 
physical well-being of adults [see box 
on page 83}. 

Worries over the demise of play be- 
gan surfacing as far back as 1961, when 
the International Play Association was 
founded in Denmark to protect, pre- 
serve and promote play as a fundamen- 
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tal right for all children. But the idea be- 
came more popular in the past few de- 
cades, when many more nonprofit 
foundations—such as the National In- 
stitute for Play in Carmel Valley, Calif., 
started by Brown, and other organiza- 
tions, including the Alliance for Child- 
hood and the Association for the Study 
of Play—began forming to promote the 
value of play. 


Freedom Counts 

But kids play soccer, Scrabble and 
the sousaphone—so why are experts 
concerned that these activities are eat- 
ing into free play? Certainly games 
with rules are fun and are sources of 
learning experiences—they may indeed 
foster better social skills and group 
cohesion, for instance, says Anthony D. 
Pellegrini, an educational psychologist 
at the University of Minnesota. But, 
Pellegrini explains, “games have a pri- 
ori rules—set up in advance and fol- 
lowed. Play, on the other hand, does 
not have a priori rules, so it affords 
more creative responses.” 

This creative aspect is key because 
it challenges the developing brain more 
than following predetermined rules 
does. In free play, kids initiate and cre- 
ate new activities and roles. It might in- 
volve fantasies—such as pretending to 
be doctors or princesses—or it might 
include mock fighting, as when kids 
(primarily boys) wrestle with one an- 
other for fun, switching roles periodi- 
cally so that neither of them always 
wins. And free play is most similar to 
play seen in the animal kingdom, sug- 
gesting that it has important evolution- 
ary roots. Gordon M. Burghardt, au- 
thor of the 2005 The Genesis of Ani- 
mal Play, spent 18 years observing 
animals to learn how to define play: it 
must be repetitive—an animal that 
nudges a new object just once is not 


UDIES SHOW THAT CHILDREN USE MORE SOPHISTICATED LANGUAGE 
EN PLAYING WITH OTHER CHILDREN THAN WHEN PLAYING WITH ADULTS. 
EY HAVE TO PROVIDE CONTEXTUAL CLUES. 
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Dressing up and pretending to be someone else is a type of “free play,” 
as psychologists call it—the unstructured, imaginative fun that is most 


challenging to the developing brain. 


playing with it—and it must be volun- 
tary and initiated in a relaxed setting. 
Animals and children do not play when 
they are undernourished or in stressful 
situations. Most essential, the activity 
should not have an obvious function in 
the context in which it is seen—mean- 
ing that it has no clear goal. 


Face Time 

How do these seemingly pointless 
activities benefit kids? Perhaps most 
crucially, play appears to help us devel- 


op strong social skills. “You 
don’t become socially com- 
petent via teachers telling 
you how to behave,” Pel- 
legrini says. “You learn 
those skills by interacting 
with your peers, learning 
what’s acceptable, what’s 
not acceptable.” Children 
learn to be fair and take 
turns—they cannot always 
demand to be the fairy 
queen, or soon they have no 
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playmates. Also, because kids enjoy the 
activity, they do not give up as easily in 
the face of frustration as they might on, 
say, a math problem—which helps 
them develop persistence. 

Keeping things friendly requires a 
fair bit of communication—arguably 
the most valuable social skill of all. Play 
that transpires with peers is the most 
important in this regard. Studies show 
that children use more sophisticated 
language when playing with other chil- 
dren than when playing with adults. In 
pretend play, for instance, “they have to 
communicate about something that’s 
not physically present, so they have to 
use complicated language in such a way 
that they can communicate to their 
peers what it is that they’re trying to 
say,” Pellegrini says. For example, kids 
can’t get away with just asking, “Vanil- 
la or chocolate?” as they hand a friend 
an imaginary cone. They have to pro- 
vide contextual clues: “Vanilla or choc- 
olate ice cream: Which one would you 
like?” Adults, on the other hand, fill in 
the blanks themselves, making things 
easier for kids. 

If play helps children become so- 
cialized, then lack of play should im- 
pede social development—and studies 
suggest that it does. According to a 
1997 study of children living in pover- 
ty and at high risk of school failure, 
published by the HighScope Educa- 
tional Research Foundation in Ypsilan- 
ti, Mich., kids who enrolled in play-ori- 
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ented preschools are more socially ad- 
justed later in life than are kids who 
attended play-free preschools where 
they were constantly instructed by 
teachers. By age 23, more than one 
third of kids who had attended instruc- 
tion-oriented preschools had been ar- 
rested for a felony as compared with 
fewer than one tenth of the kids who 
had been in play-oriented preschools. 
And as adults, fewer than 7 percent of 
the play-oriented preschool attendees 
had ever been suspended from work, 
but more than a quarter of the directly 
instructed kids had. 

Animal studies lend support to the 
idea that play deprivation leads to poor 
social skills. According to a study pub- 
lished in 1999 in Behavioural Brain Re- 
search, rats that are kept isolated dur- 
ing the two weeks of development when 
they most frequently play—the fourth 


and fifth weeks after birth—are much 
less socially active when they later en- 
counter other rats as compared with 
rats that are not isolated during the 
same two-week period. And a study 
that was published in 2002 in Develop- 
mental Psychobiology revealed that 
male rats reared in isolation during 
their youth fail to display normal avoid- 
ance behaviors when introduced to 
dominant male rats that repeatedly at- 
tack them. Could play deprivation spe- 
cifically cause these behavioral prob- 
lems—or could social isolation in gen- 
eral have been the culprit? 

Another study suggests that play 
promotes neural development in “high- 
er” brain areas involved in emotional 
reactions and social learning. Scientists 
reported in 2003 that play fighting re- 
leases brain-derived neurotrophic fac- 
tor (BDNF)—a protein that stimulates 


me 


the growth of new neurons—in these 
regions. The researchers allowed 13 
control rats to play freely with compan- 
ions for three and a half days and kept 
14 other rats isolated for the same peri- 
od. On examining the rats’ brains, the 
researchers found that the cortex, hip- 
pocampus, amygdala and pons of the 
rats that had played contained much 
higher levels of BDNF than those of the 
rats that had not. “I think play is the 
major mechanism whereby higher re- 
gions of the brain get socialized,” says 
Washington State University neurosci- 
entist Jaak Panksepp, who co-authored 
the study. 


Stress Relief 

Research suggests that play is also 
critical for emotional health, possibly 
because it helps kids work through 
anxiety and stress. Ina 1984 study pub- 


Many children (especially boys) like to engage in mock fighting, or rough-and-tumble play. Such roughhousing has been shown to improve 
creativity, social skills and problem-solving abilities. 
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lished in the Journal of Child Psychol- 
ogy and Psychiatry, researchers as- 
sessed the anxiety levels of 74 three- 
and four-year-old children on their first 
day of preschool as indicated by their 
behavior—whether they pleaded, 
whined and begged their parents to 
stay—and how much their palms were 
sweating. Based on the researchers’ ob- 
servations, they labeled each child as 
either anxious or not anxious. They 
then randomly split the 74 kids into 
four groups. Half of the kids were 
escorted to rooms full of toys, where 
they played either alone or with peers 
for 15 minutes; the other half were told 
to sit at a small table either alone or 
with peers and listen to a teacher tell a 
story for 15 minutes. 

Afterward, the kids’ levels of dis- 
tress were assessed again. The anxiety 
levels of the anxious kids who had 
played had dropped by more than 
twice as much as compared with the 
anxious kids who had listened to the 
story. (The kids who were not anxious 
to begin with stayed about the same.) 
Interestingly, those who played alone 
calmed down more than the ones who 
played with peers. The researchers 
speculate that through imaginative 
play, which is most easily initiated 
alone, children build fantasies that help 
them cope with difficult situations. 

Animal studies also support the 
idea that play helps to alleviate stress— 
a concept known in neuroscience as so- 
cial buffering. In a study published in 
2008, Gettysburg College neuroscien- 
tist Stephen Siviy put rats into a cham- 
ber by themselves and exposed them to 
acollar previously worn by a cat, which 
made them visibly anxious. Later, the 
chamber was cleaned so it no longer 
smelled of the cat, the rats were put 
back in without the cat collar, and the 
rats immediately became anxious 
again, probably because they associat- 
ed the space with the cat. But if Siviy 
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ALL WORK AND NO PLAY... 


Ithough researchers usually emphasize the positive effect of play on the 
Avec brain, they have found that play is important for adults, too. 
Without play, adults may end up getting burned out from the “hustle-bustle 
busyness that we all get involved in,” says Marc Bekoff, an evolutionary biologist 
at the University of Colorado Boulder. Adults who do not play may end up unhappy 
and exhausted without understanding exactly why. 
So how can adults get more play into their lives? Stuart Brown, psychiatrist and 
founder of the National Institute for Play in Carmel Valley, Calif., suggests three ways: 


>> BODY PLAY 
Participate in some form of active movement that has no time pressures or 
expected outcome (if you are exercising just to burn fat, that is not play!). 


>> OBJECT PLAY 
Use your hands to create something you enjoy (it can be anything; again, there 
doesn’t have to be a specific goal). 


>> SOCIAL PLAY 
Join other people in seemingly purposeless social activities, “from small talk 
to verbal jousting,” Brown suggests. 


If you are still not sure what to do, try to remember what you enjoyed doing as 
a child. “Find your childhood play’s ‘true north’” and try to translate those memo- 
ries into activities that fit the current circumstances, Brown says. You might even 
spark your memory better if you spend a little time around kids, notes Gordon M. 
Burghardt, an evolutionary biologist at the University of Tennessee. 

Ultimately what matters is not how you play but that you play. And to make sure 
you do, schedule time in your day for it, Bekoff suggests. “Work will always get 
done,” he says. “In fact, | know that if | don’t play, | really don’t get more work 
done.” And, Burghardt adds, the happiness and renewed energy you will experi- 
ence from playing will “more than compensate for the time ‘lost.’” —M.W.M. 
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One study found that kids who played with blocks scored higher on language tests than 
kids who had no blocks. Perhaps the children with blocks simply spent less time on 
activities such as watching TV—but the end result was good for them in any case. 


and his colleagues then introduced an- 
other rat into the chamber—one that 
had never been exposed to the cat collar 
and was not afraid—the two would be- 
gin playing by chasing each other, tum- 
bling and pretend fighting. And shortly 
thereafter, the first rat would relax and 
become calm, suggesting that play 
helped the rat to lessen its anxiety. 


Play to the Head of the Class 
Relieving stress and building social 

skills may seem to be obvious benefits 

of play. But research hints at a third, 


more counterintuitive area of influence: 
play actually appears to make kids 
smarter. In a classic study published in 
1973 in Developmental Psychology, 
researchers divided 90 preschool chil- 
dren into three groups. One group was 
told to play freely with four common 
objects—among the choices were a pile 
of paper towels, a screwdriver, a wood 
board and a pile of paper clips. A sec- 
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ond set was asked to imitate an experi- 
menter using the four objects in com- 
mon ways. The last group was told to sit 
at a table and draw whatever they want- 
ed, without ever seeing the objects. 
Each scenario lasted 10 minutes. Imme- 
diately afterward, the researchers asked 
the children to come up with ideas for 
how one of the objects could be used. 
The kids who had played with the 
objects named, on average, three times 
as many nonstandard, creative uses for 
the objects than the youths in either of 
the other two groups did, suggesting 


that play does foster creative thinking. 

Play fighting also improves problem 
solving. According to a paper published 
in 1989 by Pellegrini, the more elemen- 
tary school boys engaged in roughhous- 
ing, the better they scored ona test of so- 
cial problem solving. During the test, re- 
searchers presented kids with five 
pictures of a child trying to get a toy from 
a peer and five pictures of a child trying 
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to avoid being scolded by his mother. 
The subjects were then asked to come up 
with as many possible solutions to each 
social problem; their score was based on 
the variety of strategies they mentioned, 
and children who play-fought regularly 
tended to score much better. 

Pellegrini does question, however, 
how much cause and effect one can 
glean from these studies. “What does 
play do? Is it the vanguard of learning 
something—so does play precede those 
sorts of skills—or is it merely practice 
or consolidation of skills that are al- 
ready developing?” he asks. In 2012 re- 
searchers at the University of Virginia 
analyzed the scientific literature and 
concluded that play could simply be a 
sign of healthy development or, alterna- 
tively, that it might be one of many ac- 
tivities that makes a difference to the 
developing brain. But Pellegrini main- 
tains that “either way, at some level, it 
would be beneficial.” 

Does lack of play, then, impede the 
development of problem-solving skills? 
Perhaps, according to animal studies. 
In a paper published in 1978 in Devel- 
opmental Psychobiology, experiment- 
ers separated young rats by mesh parti- 
tions—they could see, smell and hear 
other rats but could not play with 
them—for the 20 days during develop- 
ment when they would have most fre- 
quently played. The researchers taught 
these rats, and a group that had been al- 
lowed to play without constraints, to 


ROUGH PLAY, ANIMALS LEARN TO TRY NEW THINGS. ANIMALS THAT DO NOT PLAY 
MPLY DO NOT ACQUIRE THIS SAME BEHAVIORAL FLEXIBILITY. 


pull a rubber ball out of the way to get 
a food treat. A few days later they 
switched the setup so the rats would 
have to push the same ball to get the 
treat. The isolated rats took much lon- 
ger to try new approaches, and thus 
solve the problem, than did the rats that 
had played. The authors speculate that 
through play, animals learn to try new 
things, and those that do not play sim- 
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CORBIS 


Far from engaging in mindless destruction, children who explore everyday objects by play- 
ing with them in unusual (albeit sometimes messy) ways are developing their creativity. 


ply do not acquire this same behavior- 
al flexibility. 

Playing also appears to help with 
language development, according to a 
2007 study in the Archives of Pediat- 
rics & Adolescent Medicine. Research- 
ers at the University of Washington 
gave a box of toy blocks to children 
from middle- and low-income families 
aged 18 months to two anda half years. 
Parents of these kids, as well as parents 
of a similar group of kids who had no 
blocks, kept track of how often the chil- 
dren played. After six months, the kids 
who had played with blocks scored sig- 
nificantly higher on language tests than 
the others did. But why might play help 
kids excel? 

Animal researchers believe that 
play serves as a kind of training for the 
unexpected. “Play is like a kaleido- 
scope,” says evolutionary biologist 
Marc Bekoff of the University of Colo- 
rado Boulder, in that it is random and 
creative. The bottom line, he posits, is 
that play encourages flexibility and 
creativity that may, in the future, be ad- 
vantageous in unexpected situations or 
new environments. Some child psy- 
chologists, such as Tufts University 
child development expert David El- 
kind, agree. Play is “a way in which 


children learn,” Elkind points out, 
“and in the absence of play, children 
miss learning experiences.” 


Let Loose 

If play is so crucial, what happens 
to children who are not playing 
enough? Ultimately no one knows— 
but many psychologists are worried. 
Because play is somewhat risky—ani- 
mals that are not alert and watchful are 
at risk of being attacked by preda- 
tors—it probably evolved and persists 
because it confers survival advantages. 
“If it wasn’t important, it wouldn’t 
have evolved in its elaborate form,” 
Bekoff says. 

Indeed, evidence indicates that play 
is evolutionarily quite ancient. Rats 
that have had their neocortex re- 


moved—a large brain region that is in- 


MORE TO EXPLORE 


volved in higher-order thinking such as 
conscious thought and decision mak- 
ing—still engage in normal play, which 
suggests that play motivation comes 
from the brain stem, a structure that 
precedes the evolution of mammals. 

Of course, many parents today be- 
lieve they are acting in their kids’ best 
interests when they swap free play for 
what they see as valuable learning ac- 
tivities. Some mothers and fathers may 
also hesitate to let their sons and daugh- 
ters play outside unattended, and they 
may fret about the possibility of the 
scrapes and broken bones that some- 
times arise during rambunctious play, 
says Sergio M. Pellis, a behavioral neu- 
roscientist at the University of Leth- 
bridge in Alberta. Although those pa- 
rental instincts are natural, protecting 
youngsters “simply defrays those costs 
to later, when those same children will 
have difficulty in dealing with an un- 
predictable, complex world,” Pellis 
says. A 2015 systematic review report- 
ed that risky outdoor play—climbing 
on high playground structures, for in- 
stance, or engaging in rough-and-tum- 
ble play—was associated with better 
physical health among kids, not worse, 
and that it was also linked to greater 
creativity and resilience. 

Parents should let children be chil- 
dren—not just because it should be fun 
to be a child but because denying 
youth’s unfettered joys keeps kids from 
developing into inquisitive, creative 
creatures, Elkind warns. “Play has to 
be reframed and seen not as an opposite 
to work but rather as a complement,” 
he says. “Curiosity, imagination and 
creativity are like muscles: if you don’t 
use them, you lose them.” M 


@ The Genesis of Animal Play: Testing the Limits. Gordon M. Burghardt. MIT Press, 2005. 
@ Play = Learning: How Play Motivates and Enhances Children’s Cognitive and Social- 
Emotional Growth. Edited by Dorothy G. Singer, Roberta Michnick Golinkoff and Kathy 


Hirsh-Pasek. Oxford University Press, 2006. 


@ Play in Evolution and Development. Anthony D. Pellegrini, Danielle Dupuis and Peter K. 
Smith in Developmental Review, Vol. 27, No. 2, pages 261-276; June 2007. 

@ What Is the Relationship between Risky Outdoor Play and Health in Children? 
A Systematic Review. M. Brussoni et al. in International Journal of Environmental 
Research and Public Health, Vol. 12, No. 6, pages 6423-6454; June 8, 2015. 


| MIND.SCIENTIFICAMERICAN.COM | 85 


© 2017 Scientific American 


PO 
CULTIVATING CHESTS 


SCIENTISTS HAVE MAPPED THE INNOVATIVE MIND 
SO THAT WE CAN REMAKE OUR OWN IN ITS IMAGE 


BREAKING THE RULES By Evangelia G. Chrysikou 
@ Innovation matters in an Illustration by MCKIBILLO 


FAST FACTS 


enormous variety of professions. 
It elevates the careers of chefs, 
university presidents, psycho- 
therapists, police detectives, 
journalists, teachers, engineers, 
architects, attorneys and sur- 
geons, among other professionals. 


uring the July 4th weekend of 1994, while 
riding ina 1988 Chevy Blazer with his wife 
at the wheel, a computer engineer named 
Jeff Bezos laid the groundwork for a retail 
wee revolution. Back then, the Internet was an in- 
minority, psychologists have now F ; or é 
scveeiea its @eeds niente sider’s tool, largely limited to government and academic 
processes—such as decision circles. But after months of careful observation of its us- 
lab elses alia a age, Bezos envisioned a dramatic expansion of this net- 
that all of us possess. ; - : : : 
work, one that would bring it into the daily lives of ordi- 
© Techniques for boosting . 
creative potential may involve nary people. In the car, he sketched out a business plan 
breaking down established ways for a project that would realize his vision: the Internet, he 
of viewing the world or invoking d d id’ h ie 5 f if d b : 
iiiconecious helen precestes, understoo » could oost the efficiency of mail-order busi- 
nesses, starting with books. 


@ Although creativity was long 
considered a gift of a select 
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Inarisky move, Bezos and his wife, Mackenzie, 
left lucrative jobs in New York’s financial sector to 
build an Internet-based bookseller headquartered in 
Seattle. They called it “Amazon,” after the intermi- 
nable South American river and its many branches. 
After a few months of testing and without any ad- 
vertising, the company started racking up $20,000 
weekly in sales. In just a few years Amazon was 
worth billions. Bezos forever changed how people 
purchase goods and made a lasting impact on the 
business world. 

For entrepreneurs worldwide, Amazon.com is a 
model of innovation. Yet creativity can come in many 
forms. Consider Procter & Gamble’s line of Swiffer 
products: a reconceptualization of mops, sweepers 


and dusters based on the simple insight that cleaning 
with disposable parts makes the job easier and more 
fun. Designer Gianfranco Zaccai of Herman Miller 
and his team are credited with inventing Swiffer, 
which reaps more than $500 million in annual sales. 

Innovation matters in an enormous variety of 
professions. It elevates the careers of chefs, univer- 
sity presidents, psychotherapists, police detectives, 
journalists, teachers, engineers, architects, attor- 
neys and surgeons, among other professionals. The 
contributions of creative thought can directly trans- 
late into career advancement as well as financial re- 
wards. In an unfavorable economic climate, raising 
your creative game may even mark the difference 
between survival and failure. 

Psychologists broadly define creativity as the 
purposeful generation and implementation of a nov- 
el idea. In the workplace, it may be more aptly char- 
acterized as the effortful pursuit and implementation 
of novelty that results in measurably useful out- 
comes. In numerous studies over the past few de- 
cades psychologists have tried to unravel the myster- 
ies of exceptional creativity in the arts or sciences, 
considering the likes of Pablo Picasso, Mozart, Vir- 
ginia Woolf, the Wright brothers and Albert Ein- 
stein. These investigations, along with others into the 
origins of everyday problem solving, have uncovered 
genetic, social and economic factors (as well as lucky 
circumstances) that contribute to creative thought. 

Although creativity has long been considered a 
gift of a select minority, psychologists are now re- 
vealing its seeds in mental processes, such as deci- 
sion making, language and memory, that all of us 


possess. Thus, we can all boost our creative poten- 
tial. Recent studies have shown promise for tech- 
niques that break down people’s established ways 
of viewing the world as well as strategies that en- 
courage unconscious thought processes. Read on to 
try these at home—or at work. 


An Open Mind 

Iconic individuals such as Bezos, the late Steve 
Jobs, Martha Stewart, Steve Ells (founder of Chipo- 
tle Mexican Grill restaurants) and many others have 
inspired entrepreneurs and professionals to hone 
their creative skills. Individuals and companies have 
typically used creativity workshops, brainstorming 
sessions, self-help books, training videos and even 


NOVATIVE IDEAS CAN ARISE FROM PAYING ATTENTION 10 THE VISUAL PROPERTIES 
F THINGS, SUCH AS THEIR SHAPE AND SIZE. 


hypnosis as vehicles for such improvement. Whether 
such practices influence the likelihood of creative 
leaps is unknown. Yet psychologists and neurosci- 
entists have made some important discoveries that 
can help us understand the states of mind that ben- 
efit creative thought. 

When people consider creativity, they generally 
think of the birth of novel ideas. Idea generation is 
indeed the first important stage of the creative pro- 
cess. To come up with new ideas for achieving a 
goal, you need, roughly speaking, an open mind— 
that is, one guided by minimal rules and constraints. 
In 2009 neuroscientist Sharon Thompson-Schill of 
the University of Pennsylvania and her colleagues 
proposed that creative inspiration might benefit 
froma state of lower cognitive control—that is, few- 
er restrictions on your thoughts and behavior. 

Your more prosaic, rule-guided thought is asso- 
ciated with a burst of activity in your prefrontal cor- 
tex, a region on the surface of the brain behind your 
forehead that regulates your decisions, thoughts 
and actions. When you abandon rules or blur your 
attentional focus, this region quiets down. Thomp- 
son-Schill’s team called this resulting state hypo- 
frontality and hypothesized that it holds various 
benefits for language learning and creative thought, 
among other aspects of cognition. 

Researchers found early hints of hypofrontality 
in the mid-1990s, when they measured the electrical 
activity in the brains of people who were generating 
new ideas. By picking up electrical waves on the 
scalp, scientists can get a sense of a person’s “brain 
state,’ 


> 


say, awake or asleep, focused or relaxed. 
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When someone is engaged in a task 
that requires cognitive control and fo- 
cused attention—for instance, solving 
a math problem or deciding what to 
pack for a camping trip—so-called 
beta waves, which oscillate at a fre- 
quency of 15 to 20 hertz, usually dom- 
inate. When people came up with new 
ideas, however, researchers recorded 
alpha waves over the prefrontal cor- 
tex. These eight- to 12-hertz waves are 
typically a sign of relaxed wakefulness 
and diffuse attention. Their presence 
thus bolstered the notion that idea 
generation is associated with a state of 
lower cognitive control. 

The behavior of patients whose 
frontal lobes have partially degener- 
ated as a result of frontotemporal de- 
mentia or similar disorders is consis- 
tent with this view. These individuals 
show severe impairments in regulat- 
ing their thoughts and actions but 
may experience spontaneous musical 
or artistic creativity they lacked be- 
fore they got sick. [For more on the 
link between creative thinking and 
unconventional behavior, see “The 
Unleashed Mind,” by Shelley Car- 
son, on page 28.] 

More recent data strengthen the 
case for the importance of hypofrontality in every- 
day creativity. Ina study published in 2011 Thomp- 
son-Schill and I showed participants pictures of or- 
dinary objects (tissues, for example) and asked them 
to tell us either a common use (wiping your nose) or 
an uncommon application (protective stuffing for a 
package) for each one. Participants who came up 
with unusual uses for the items showed minimal ac- 
tivity in prefrontal brain regions and heightened ac- 
tivity in posterior brain regions that are typically in 
charge of visuospatial skills. In contrast, those who 
thought of typical uses showed the reverse pattern. 
Thus, generating novel applications for objects also 
seems to benefit from less filtering of knowledge and 
experiences, which enables people to consider a 
greater variety of possible answers. 

What is more, innovative ideas can arise from 
paying attention to the visual properties of things, 
such as their shape, size and material makeup. In- 
stead of highlighting previous knowledge, the brain 
enters a state that emphasizes often overlooked per- 
ceptual elements. 

Scientists have been able to mimic this brain 


state by applying electrical stimulation to the scalp 


and thereby improving problem-solving ability. 
These data lend considerable credence to the idea 
that diminished activity in the prefrontal cortex, 
particularly on the left side of the brain, underlies 
an important part of the creative process [see box 
on page 91]. 


Thought Control 

In addition to idea generation, true creativity in- 
volves evaluating your options, picking the best one 
and implementing a plan for realizing your vision. 
This evaluation process, the second critical stage of 
creative thought, involves a mental state in which 
the cognitive filter in the prefrontal cortex is on in- 
stead of off. Ina study published in 2011 psycholo- 
gist Kalina Christoff of the University of British 
Columbia and her colleagues asked college students 
from the Emily Carr University of Art + Design in 
Vancouver to generate illustrations for book covers 
on a special drawing tablet while inside a brain 
scanner. The students were asked to come up with 
ideas for their sketches for 30 seconds and then 


Generating novel 
applications for 
objects—such as 
this use of sticky 
notes in a mural— 
seems to benefit 
from less filtering 

of knowledge and 
experiences. A more 
porous mental filter 
enables us to consider 
a greater variety of 
possible solutions. 
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If you are struggling 
with a difficult project 
at work, take a break. 
The recess may shake 

loose some creative 

thoughts, especially 
if you choose to 

do something 
dramatically different 
from what your 


job entails. 


spend 20 seconds evaluating what they had sketched. 


The researchers found that the prefrontal cortex, 
among other regions, was more active during the 
evaluation stage, suggesting that the executive-con- 
trol network that filters data and exerts brakes on 
behavior is more engaged during the evaluative 
phase of the creative process. 

Creative individuals may thus be those who are 
better able to upregulate or downregulate their cog- 
nitive-control system depending on the demands of 
the situation—a skill known as cognitive flexibility. 
In a 2010 study Darya Zabelina and Michael Rob- 
inson, both then at North Dakota State University, 
first assessed the creativity of 50 undergraduate stu- 
dents using standard paper-and-pencil tests and 
then measured their capacity for cognitive control 
with the Stroop task. In this task, people are given 
a list of color words (“yellow,” “blue,” “red,” and 
so on) that are typed in a color that often does not 
match the word. The goal is to state the color of the 
word regardless of what the word says. The task 
measures how wella person can filter out irrelevant 
information to focus on what is important, a major 
feature of cognitive control. 

Although creative and noncreative subjects per- 
formed equally well on this task overall, creative 
subjects did better every time they had to switch 


from a matching combination (for instance, the 
word “red” appearing in red type) to a clashing one 
(“red” showing up in blue letters). These results in- 
dicate that creative people show greater cognitive 
flexibility, which can support the ability to both gen- 
erate novel ideas and put these ideas into action. 

Psychologists have been exploring ways to ex- 
pand our creativity, enhancing the arsenal of tech- 
niques that promote idea generation and implemen- 
tation. Some of these methods appear in the sec- 
tions that follow. 


Mental Push-ups 

Exercises that shake up people’s typical ways of 
thinking can help put them in a creative mindset. A 
version of the alternative-uses task described earlier, 
for example, can get people to rethink the way they 
categorize objects. In a study published in 2006 my 
colleagues and I asked college students to devise up 
to six alternative uses for 12 common objects in 15 
minutes. Then we asked them to solve practical 
problems, such as affixing a candle upright ona wall 
using a book of matches and a box of tacks. (Hint: 
think of the box as a platform.) 

For some of the students, the objects in the first 
task were related to the practical problems; for oth- 
ers, they were not. These two groups did equally 
well on the practical problems, however, and both 
solved significantly more of them than did students 
who had not completed the alternative-uses task. 
Thus, the training task seemed to benefit our sub- 
jects more generally, putting them in the right state 
of mind for creative problem solving. 

Another method for boosting creativity might 
be to describe objects in unusual ways—for exam- 
ple, in terms of their features rather than their func- 
tion. Ina 2012 study psychologist Tony McCaffrey 
of the University of Massachusetts Amherst trained 
students to define objects generically by their shape, 
size and materials. A candle might be described as 
wax and wick or, even more obscurely, as string and 
cylindrically shaped lipids. McCaffrey encouraged 
the students to ask themselves, “Can I break the de- 
scription down any further?” and “Does my de- 
scription imply a particular use?” Participants who 
received this training showed a 67 percent boost in 
problem-solving performance relative to those who 
did not. One reason for their advantage: they were 
more likely to notice obscure features of the prob- 
lems that were necessary for their solution. 

Performing common tasks in an unconvention- 
al order can also upset your ordinary thought pro- 
cesses and thereby raise your creative prospects. In 
a 2012 study psychologist Simone Ritter of Rad- 
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TICKLING THE BRAIN 


euroscientists have been able to tweak the creative pro- 

cess by enhancing or suppressing activity in frontal brain 

regions. In a technique called transcranial direct-current 
stimulation, minute amounts of electric current flow through a pair 
of electrodes affixed to the scalp and thereby either raise or lower 
activity in the underlying brain regions. 

In a study published in 2011 neuroscientist Allan W. Snyder of 
the Center for the Mind in Sydney and his colleagues used this 
method to affect the ability of individuals to solve arithmetic puz- 
zles involving matchsticks (below). The initial problems could all 
be solved using a similar strategy, but the last two required aban- 


TYPE FALSE STATEMENT 


SOLUTION 


doning what had worked before and developing a novel approach. 
Snyder’s team hypothesized that the right hemisphere enhances 
creativity, whereas the left hemisphere impedes it. Indeed, when 
the researchers depressed activity in the left frontal cortex while 
exciting the right frontal cortex in some of their subjects, these 
individuals solved the last two problems at higher rates than those 
who received the opposite pattern of stimulation (left excitation, 
right inhibition) or sham stimulation. 

Beyond fostering alternative problem-solving strategies, this 
neurostimulation technique can also support the generation of 
novel ideas, such as finding new uses for objects. Ina 2013 study 

my colleagues and | inhibited neural activity in the 
left prefrontal cortex of participants while they 
came up with acommon or an uncommon use for 


] objects presented to them in pictures. These in- 


dividuals thought of significantly more uncommon 
uses—and did so about a second faster—than 
did people who received inhibitory current over 
- their right prefrontal cortex or those who were 
given sham stimulation. These results strongly 

support the hypothesis that blocking cognitive fil- 

HI tering by inhibiting the left prefrontal cortex during 

idea generation can promote creative thought. 

—E.G.C. 


boud University Nijmegen and her colleagues 
asked a group of students to prepare a breakfast 
sandwich with butter and chocolate (a popular 
combination in the Netherlands). Half of them 


sleep known as rapid eye movement or dream sleep 
can help establish associations between remote 
ideas. These links may bring out solutions to co- 
nundrums that stumped you just before dozing off 


PEOPLE WHO MADE A SANDWICH IN AN UNCONVENTIONAL WAY CAME UP 
WITH MORE VARIED ANSWERS TO OPEN-ENDED QUESTIONS. 


made the sandwich the regular way, and the rest 
were prompted to do so following an unusual se- 
quence of steps. All the students were then given 
two minutes to generate uses for a brick and anoth- 
er two minutes to come up with as many answers 
as they could to the question “What makes sound?” 
Those who made the sandwich in an unconvention- 
al way—an activity that violated their expecta- 
tions, the researchers theorized—came up with 
more different types of answers and thus scored 
higher on cognitive flexibility. 

If mental exercises are not giving you enough 
good ideas, try enlisting your unconscious. One 
trick for achieving this mental power shift is to 
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sleep on the problem. In particular, the stage of 


[see “Answers while You Sleep,” by Deirdre Bar- 
rett, on page 58]. 

Similar benefits can come from letting your 
mind wander or deliberately distracting yourself. 
In a 2006 study psychologist Ap Dijksterhuis, also 
at Radboud University, and his colleagues asked 
people to generate novel names for products. Those 
who were sidetracked by a different task thought 
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of more original names than those who worked on 
the problem continuously. In later studies, Dijkster- 
huis’s team demonstrated that unconscious process- 
ing could yield answers to very difficult problems 
that require an extensive search of stored knowl- 


dreaming, see “Living in an Imaginary World,” by 
Josie Glausiusz, on page 70.] 

What you do during your break turns out to 
be important, too. Ina 2009 study psychologist So- 
phie Ellwood, then at the Center for the Mind in 


THOSE WHO SAW THEMSELVES IN THE DISTANT FUTURE SOLVED 
MORE PROBLEMS THAN THOSE WHO SIMPLY IMAGINED THE FOLLOWING DAY. 


edge. These results suggest that if you are stuck on 
a difficult problem, it pays to take a break and do 
something else. [For more on the benefits of day- 


AIM TO INNOVATE 


Try these tips to maximize your creativity at work. 


Become an expert. A solid knowledge base will allow you to connect 
remote ideas and see their relevance to a problem. 


Observe. When trying to come up with a new product or service, carefully 
study how people use what is currently available and what problems 
they face. 


Know your audience. Walk in the shoes of the intended consumer. How 
would a child use a remote control? How would an elderly person access 
a voting booth? How can | make this dessert for a vegan? 


Step out of your comfort zone. Seek activities outside your field of 
expertise. Take a class; read a book; travel to a foreign country. New 
experiences often bring forth novel thoughts. 


Be willing to work alone. Group brainstorming can help you synthesize 
your ideas, but it is far more effective if you have started the creative 
process on your own. 


Talk to outsiders about your work. A novel perspective can help you see 
alternative solutions or possible faults with your original idea. 


Have fun. A good mood can forge remote associations. Upbeat music 
may help but also makes tasks that demand focus more difficult. If you 
need to concentrate, dampen your demeanor with sad songs. 


Take a nap or let your mind wander. Sleep and daydreaming can enlist 
your unconscious mind to work on a problem that is stumping you. 


Take a break. Occupying your mind with a different task can unleash 
novel solutions. 


Challenge yourself. Disrupt your daily routine. Abandon your initial idea 
(even if it works) and look for a new one. Borrow from other people’s 
answers and try to improve on them. 
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Sydney, and her colleagues asked participants to 
think of as many uses as they could for a piece of 
paper. Some performed the task continuously for 
four minutes; others paused after two minutes and 
did a similar exercise (thinking of synonyms for 
words) for five minutes before getting back to the 
paper task. A third group used the break to com- 
plete a personality questionnaire. The people who 
took a break generated more uses for the paper 
than those who were not interrupted, but those 
who did the unrelated activity performed the best 
on this creative task. 


Keeping Your Distance 

Many other social and emotional factors can 
spur creative thought. One of them is thinking of a 
problem as physically far away. Psychologist Lile Jia, 
then at Indiana University Bloomington, and his col- 
leagues gave students practical problems similar to 
the one involving a candle discussed earlier. They 
told some participants that their responses would be 
collected for scientists at a university a few thousand 
miles away and others that a research team at their 
own university would get the results. A third group 
of students received no information about the 
study’s whereabouts. Remarkably, the students who 
thought they were solving the problems for the far- 
away investigation solved twice as many problems 
as the other students. The researchers hypothesized 
that the psychological distance caused the students 
to approach the problems in more abstract terms, 
thereby facilitating their solution. 

Distancing yourself in time can also promote in- 
novation. Psychologist Nira Liberman of Tel Aviv 
University and her colleagues asked participants to 
imagine themselves either one day or one year in the 
future. Then the researchers gave their subjects a se- 
ries of problems to solve and asked them to imagine 
themselves working on them on that future day. 
Those who pictured themselves in the distant future 
solved significantly more problems than those who 
simply imagined the following day. 

Beyond psychological distance, physical dis- 
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Working alone is usually the best way to come up with creative solutions. Once you have some ideas, 


casual interactions with others can help you develop them. 


tance from others can also increase creative output. 
Despite its presumed benefits, group brainstorming 
is beneficial only after you have come up with a few 
solutions for a complex problem on your own, re- 
cent research has shown. In addition, brainstorming 
works better in the context of casual, brief semi- 
structured social interactions such as a lunch or 
social gathering than in long, organized meetings. 
Interactions among people with varied back- 
grounds—say, those who have different but related 
fields or those who work at other places—are espe- 
cially good at promoting the synthesis and develop- 
ment of new ideas. 


But no matter how imaginative our thoughts, we 
still must cross one major hurdle: our fear of risk. 
People tend toward safe routes, yet safety is not con- 
ducive to radical new solutions. Bezos and his wife 
not only had to come up with the notion of Amazon. 
They also had to be willing to cast off their current 
careers to pursue an uncertain future. Amid the fi- 
nancial and other practical and professional con- 
straints of most workplaces, not to speak of other 
life concerns, abandoning a satisfactory but safe so- 
lution to pursue a new concept may be the biggest 
challenge to capitalizing on creative potential. As 
Bezos once said, “Innovation is disruption.” 


MORE TO EXPLORE 


@ When Shoes Become Hammers: Goal-Derived Categorization Training Enhances Problem-Solving 


Performance. E. G. Chrysikou in Journal of Experimental Psychology: Learning, Memory, and Cognition, 
Vol. 32, No. 4, pages 935-942; July 2006. 


@ Cognition without Control: When a Little Frontal Lobe Goes a Long Way. S. L. Thompson-Schill, M. Ramscar 
and E. G. Chrysikou in Current Directions in Psychological Science, Vol. 18, No. 5, pages 259-263; 2009. 

@ Dissociable Brain States Linked to Common and Creative Object Use. E. G. Chrysikou and S. L. Thompson- 
Schill in Human Brain Mapping, Vol. 32, No. 4, pages 665-675; April 2011. 

@ The Bias against Creativity: Why People Desire but Reject Creative Ideas. J. S. Mueller, S. Melwani and 
J. A. Goncalo in Psychological Science, Vol. 23, No. 1, pages 13-17; January 2012. 


@ Noninvasive Transcranial Direct Current Stimulation over the Left Prefrontal Cortex Facilitates Cognitive 
Flexibility in Tool Use. E. G. Chrysikou, R. H. Hamilton, H. B. Coslett, A. Datta, M. Bikson and S. L. Thompson- 
Schill in Cognitive Neuroscience, Vol. 4, No. 2, pages 81-89; February 2013. 
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CULTIVATING CREATIVITY, 


FAST FACTS 
UNLEASHING 
CREATIVITY 


O Creativity is not 

a gift from the muses 
only granted to cer- 
tain people. Rather 
it is something that 
anyone can cultivate, 
using a variety 

of methods. 


@ The experts in 

a panel discussion 
offer simple ways to 
stimulate and capture 
new ideas—while 
countering negative 
thoughts and habits 
that block novel 
thinking. 


© The lessons apply 
not only to adults: 
encouraging open- 
ended problem 
solving can help 
foster creativity in 
children as well. 
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LET YOUR CREATIVITY SOAR 


IN A DISCUSSION WITH SCIENTIFIC AMERICAN EDITOR IN CHIEF 


MARIETTE DICHRISTINA, THREE NOTED EXPERTS ON 
CREATIVITY, EACH WITH A VERY DIFFERENT PERSPECTIVE 
AND BACKGROUND, REVEAL POWERFUL WAYS 


MARIETTE DICHRISTINA 
is editor in chief and 
senior vice president 

of Scientific American. 
She has been a journal- 
ist for more than 

25 years. 


TO UNLEASH YOUR CREATIVE SELF 


JOHN HOUTZ 

is a psychologist and 
professor at Fordham 
University. His books 
include The Educational 
Psychology of Creativity 
(Hampton Press, 2002). 
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JULIA CAMERON 

is an award-winning 
poet, playwright and 
filmmaker. Her book 
The Artist’s Way (Tarcher, 
2002) has sold almost 
four million copies 
worldwide. She is also 
co-author of It’s Never 
Too Late to Begin Again 
(TarcherPerigee, 2016). 


ROBERT EPSTEIN 

is senior research 
psychologist at the 
American Institute for 
Behavioral Research 
and Technology, a 
contributing editor for 
Scientific American 
Mind and former editor 
in chief of Psychology 
Today. Epstein has 
written several books 
on creativity, including 
The Big Book of 
Creativity Games 
(McGraw-Hill, 2000). 
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ACCORDING TO EPSTEIN, 
THERE ARE FOUR “CORE 
COMPETENCIES” OF CREATIVE 
EXPRESSION. PEOPLE NEED 
TO LEARN TO PRESERVE THEIR 
NEW IDEAS (CAPTURING), 
SURROUND THEMSELVES 
WITH INTERESTING PEOPLE 
AND THINGS (SURROUNDING), 
TACKLE TOUGH PROBLEMS 
(CHALLENGING), AND 
EXPAND THEIR KNOWLEDGE 


THE RIGHT TOOLS 


(BROADENING). 


MARIETTE DICHRISTINA: Let’s start by talking about 
what has drawn each of you to the study of creativ- 
ity. What’s so fascinating about it? 


JOHN HOUTZ: There’s so much power in a new idea 
taking shape and changing the way people live and 
act. Often the rest of us are in awe, or we are even 
afraid of a new idea, and sometimes our fears spur 
us to learn more about it. In addition to what some 
academics call Big Creativity or “Big C’—profound 
ideas that sometimes change the world—there is 
what we call the “little c” type of creativity: the ev- 
eryday problem solving that we all do. The bottom 
line is that we’d all like to be more creative. We'd all 
like to be able to solve our problems in a better way. 
We don’t like being frustrated. We don’t like having 
obstacles in our path. 


JULIA CAMERON: What drew me to working on my 
creativity was running into a couple of bumps. I 
had had a blessed decade in my 20s, and then when 
I got to my 30s I felt thwarted. I was writing mov- 
ies and selling them to studios, but they weren’t 
getting made. I needed to find a way to maintain 
equilibrium and optimism in the face of creative 
despair. I fought my despair with what I call 
“morning pages”—three pages of longhand writ- 
ing about anything: “I don’t like the way Fred 
talked to me at the office”; “I need to get the car 
checked”; “I forgot to buy kitty litter.” They don’t 
look like they have anything to do with creativity, 
but in fact, as we put these worries, which are sort 
of a daily sound track for most of us, down on the 
page, we are suddenly much more alert, aware, 
focused and available to the moment. And we be- 
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gin to see that we have many creative choices. As I 
wrote those pages, new ideas began to walk in. 
Over time, I began to share the morning-pages 
technique with other people. 


ROBERT EPSTEIN: My interest in creativity started 
in a peculiar way—while I was working with pi- 
geons at Harvard in the 1970s. I was intrigued by 
the fact that they always did things I hadn’t taught 
them, and I wanted to know where the new behav- 
ior was coming from. I began teaching them dif- 
ferent things systematically and then placing them 
in new situations and watching new behavior 
emerge. There was an orderly relation between 
what I had taught and the new behavior, and even- 
tually I discovered principles or laws that allowed 
me to predict the new behavior, literally moment 
to moment. Eventually I began similar research 
with children, and then with adult humans, and 
found that those laws, somewhat tweaked, were 
still helpful. I came to believe that the creative pro- 
cess in individuals is orderly and predictable at ev- 
ery moment in time. At some point I developed 
tests to see whether people have the competencies 
they need for expressing creativity, and then I de- 
veloped games and exercises to boost creativity. I 
think that the fact that creativity is orderly is good 
news because it means we can all tap into this rich 
potential we all have. 


CAMERON: I, too, have found the creative process 
to be teachable and trackable. I teach people three 
simple tools, and anyone using those tools has 
what might be called an awakening. They become 
much more alert; they become much more friendly 
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Broadening 


in interacting with people—much less threatened 
by change. 


HOUTZ: I think that some of the techniques Julia 
teaches are similar to the competencies Robert has 
uncovered. Perhaps, Robert, you might explain 
what those competencies are. 


EPSTEIN: There are four different skill sets, or com- 
petencies, that I’ve found are essential for creative 
expression. The first and most important compe- 
tency is “capturing”— preserving new ideas as they 


ing.” The more diverse your 
knowledge, the more interesting 
the interconnections—so you can 
boost your creativity simply by 
learning interesting new things. 
And the last competency is “sur- 
rounding,” which has to do with 
how you manage your physical 
and social environments. The 
more interesting and diverse the 
things and the people around you, 
the more interesting your own 
ideas become. 


CAMERON: I’ve mentioned the 

morning pages, which sounds like 
your capturing, and the second technique I teach 
everybody—the artist “date” or “outing,” I call it— 
is to take an adventure once a week, which probably 
involves both broadening and challenging. The 
third tool is to walk out the door for 20 minutes or 
so and see what happens to your thinking. When 
people walk, they often begin to integrate the in- 
sights and intuitions that they have had through 
morning pages and outings. 


HOUTZ: I think if we want everyone to have a way to 
be more creative, we have to convey the message 


THEY HAVE TO WORK AT IT; CREATIVITY ISN'T NECESSARILY 


GOING 10 COME NATURALLY. 


occur to you and doing so without judging them. 
Your morning pages, Julia, are a perfect example 
of a capturing technique. There are many ways to 
capture new ideas. Otto Loewi won a Nobel Prize 
for work based on an idea about cell biology that 
he almost failed to capture. He had the idea in his 
sleep, woke up and scribbled the idea on a pad but 
found the next morning that he couldn’t read his 
notes or remember the idea. When the idea turned 
up in his dreams the following night, he used a bet- 
ter capturing technique: he put on his pants and 
went straight to his lab! 

The second competency is called “challeng- 
ing”—giving ourselves tough problems to solve. In 
tough situations, multiple behaviors compete with 
one another, and their interconnections create new 
behaviors and ideas. The third area is “broaden- 


that they have to work at it; creativity isn’t necessar- 
ily going to come naturally. And what strikes me 
about Julia is her high productivity. Creative people 
are productive. They may have lots of ideas that 
don’t work, but the point is that they have lots of 
ideas. So if people want to be more creative—and to 
be effective problem solvers—they’re going to have 
to be disciplined like Julia is. 


DICHRISTINA: I was talking with a couple of attor- 
neys about creativity, and one of them said, “Well, 
some people just have more than others, don’t 
they?” Could we talk about why so few people ex- 
press creativity? 


EPSTEIN: When children are very young, they all 
express creativity, but by the end of the first grade, 
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CREATIVITY IS SHUT DOWN 
IN MOST PEOPLE BY 
EARLY SOCIALIZATION, 
LEAVING IT TO “MISFITS,” 
ACCORDING TO THE 
PANELISTS. BUT EVERYONE 
HAS ROUGHLY EQUAL 
POTENTIAL TO EXPRESS 
CREATIVITY, GIVEN 

THE RIGHT SKILLS. 


OBSTACLES 


Early Socialization 


very few do so. This is because of socialization. 
They learn in school to stay on task and to stop 
daydreaming and asking silly questions. As a re- 
sult, the expression of new ideas is largely shut 
down. We end up leaving creative expression to 
the misfits—the people who can’t be socialized. It’s 
a tragedy. 


CAMERON: I sometimes ask people to list 10 traits 
they think artists have. They say things like “artists 


2 66 2 6 


are broke,” “artists are crazy,” “artists are drug- 
addicted” and “artists are drunk.” Doesn’t this 
make you want to rush right out and become an 
artist? We have a mythology in America around 
creativity that’s very, very negative. As a result, 
when young people tell their parents, “I’d love to be 


BRAINSTORM 


An expanded version of this discussion—along 
with three other articles on creativity from Scien- 
tific American Mind—is available in the audiobook 
Brainstorm: Using Science to Spark Maximum Cre- 
ativity. It was published in 2008 by Macmillan Au- 
dio, unabridged on CD and as a digital download. 
Available online wherever books are sold. 


a writer,” their parents respond, “Oh, darling, don’t 
you think you might need something to fall back 
on?” We’re also trained to believe that some people 
are born knowing they’re artists and that they are 
the “real” artists, the ones who give us the Big C 
creativity. In other words, we have a mythology 
about artistry that tends to be very daunting. 


HOUTZ: I think that comes from some of the 
studies of Big C creativity. When we look at indi- 
viduals who have had a tremendous impact on 
some field, for whatever reason, they often turn out 
to be unstable or living a wild life—the misfits, as 
Robert said. That’s very unfortunate. But there 
also are real obstacles for creative people. Julia, 
you mentioned that many of your creative projects 
were failing at one point. People who want to be 
more creative have to realize that many new ideas 
will at first meet great obstacles. When Robert 
talked about “challenge,” you could read that word 
“challenge” in two ways. You need to challenge 
yourself, that’s true, but you also have to realize 
that the world out there—society, the audience for 
your new idea—will perhaps need a lot of time to 
get used to it and may initially not want to reward 
you. It’s important not to become discouraged. You 
have to keep at it! 


CAMERON: When I first gave the manuscript for The 
Artist’s Way to my literary agent at William Morris, 
she said, “Oh, Julia, zo one is going to be interested 
in this.” So Mark Bryan and I self-published the 
book by photocopying it at a little communist book- 
store and selling a few copies at a time. Emma Lively 
and I had worked for eight years on a musical before 
it got its lucky break. 

You have to put up with dry spells and keep 
creating in the face of them. 
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EPSTEIN: When I do seminars on creativity, I teach 


stress-management techniques to help people cope 
with the rejection that goes hand in hand with cre- 
ativity. You have to learn not to fear failure and 
even to rejoice in it. When I’m failing, I say to my- 
self, “I’m in good company. I’m in the company of 
some of the most creative and productive people in 
the world.” 


HOUTZ: The creative individual thinks of failure as 
a new opportunity: “Okay, why did I fail? What 
was wrong? Let me try to do something else. Let me 
go forward with it.” 


EPSTEIN: In the laboratory, failure also produces a 
phenomenon called resurgence—the emergence of 
behaviors that used to be effective in that situa- 
tion—that leads to a competition among behaviors 
and to new interconnections. In other words, fail- 
ure actually stimulates creativity directly. It really 
is valuable. 


CAMERON: You also need to be able to take criti- 
cism. When I write a novel, I send it out to about 10 
people whom I consider to be very trusted readers. 
They come back to me with their criticisms, and 
I write another draft. Sometimes I write as many 


DICHRISTINA: There’s another dynamic here, 
too, John, which I’m hoping you can speak to: the 
group dynamic of creativity. People often play dif- 
ferent roles in the creative process, don’t they? 


HOUTZ: A key factor here is personality, which has 
been researched extensively. Some personality char- 
acteristics seem to close off the expression of new 
ideas. Other personality characteristics encourage 
that expression. 


EPSTEIN: I’ve found that no matter what their per- 
sonality, people can learn skills that boost creative 
output. I also doubt that there’s any real difference 
between the little c and the Big C types of creativity. 
If you write enough morning pages, now and then 
some Big C items have a chance of creeping into the 
little c list—no matter what your personality. 


HOUTZ: We may all have the same potential or at 
least the potential to be better, but if we know about 
our strengths and weaknesses, then we can better 
capitalize on our strengths, and we also know what 
we need to work on. 


EPSTEIN: No question about that. Getting back to 
Mariette’s question about groups, let me give you an 


Wi CREATIVE INDIVIDUAL THINKS OF FAILURE AS A NEW OPPORTUNITY. 


as seven drafts of a work before it goes forward 
into the world. 


HOUTZ: There’s also a stereotype that creativity is 
just involved in the generation of ideas. But after the 
ideas are generated, you then have to evaluate them, 
sift through them, embellish them, repair them, re- 
vise them and get them tested, which all means that 
the creative process is actually quite complex. 


EPSTEIN: But you’ve got to capture now and evaluate 
later. A big mistake people make is to start visual- 
izing the criticism or the feedback while they’re still 
generating. That can shut you right down. 


CAMERON: Morning pages allow you to bypass the 
censor because there’s no wrong way to do the pag- 
es. You just keep writing. They allow you to take 
risks freely with your ideas. 


example of an exercise I do with people that boosts 
group creativity. It’s called “the shifting game.” In 
this exercise, half of my teams stay together for 15 
minutes to generate names for a new cola. The other 
teams work together for five minutes, then shift out 
of the group to work on the problem individually, 
then come together for the last five minutes. Even 
with all the moving around, the shifting teams pro- 
duce twice as many ideas as the nonshifting ones. 
This happens, I think, because groups inhibit a lot 
of creative expression. Dominant people tend to do 
most of the talking, for one thing. But when people 
shift, everyone ends up working on the problem. 


DICHRISTINA: Don’t many people believe they’re not 
creative at all? What can you do about that? 


EPSTEIN: Sometimes that’s a permission issue. Many 
of us feel like we need permission to be creative, 
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BOOST YOUR IDEAS 
TO BOOST YOUR CREATIVE 
OUTPUT, THINK AND BEHAVE 
LIKE CREATIVE PEOPLE DO: 
DON’T LET CRITICISM STOP 
YOU FROM EXPRESSING 
YOUR IDEAS AND DO NOT 
FEAR FAILURE. TAKE BREAKS 
AND LEARN TO USE THEM 
STRATEGICALLY; USE 
DAYDREAMS AS SOURCES 
OF NEW IDEAS. 


maybe because of a teacher who shut us down when 
we were young—like my eighth grade English teach- 
er! One thing I like to do with people is to give them 
permission to have a daydream. We all just close our 
eyes and daydream together. It can be quite a liber- 
ating experience. Virtually everyone has amazing 
daydreams and dreams, and those can be used to 
boost creative output. In fact, when you really start 


Work through Criticism 


adage about sleeping on something. Isn’t a lot of 
creativity about being mindful of those times and 


paying attention? 


EPSTEIN: Absolutely, but you can also be strategic 
about how you’re going to use those breaks. Salva- 
dor Dali made deliberate use of his naps to get ideas 
for his art, for example. While relaxing on a sofa, 


ERE 1S NO REASON WHY WE CAN'T DEVELOP MORE CREATIVE 
OBLEM SOLVERS FROM NURSERY SCHOOL ON UP. 


letting yourself go, you can end up with too many 
ideas. Your own output can overwhelm you, and 
you can get stuck! 


HOUTZ: What might be some tools to help people 
that have the problem Robert just described? 


CAMERON: I have a tool that’s called “blasting 
through blocks.” It’s very simply sitting down with 
a piece of paper and writing down all of your angers 
and fears related to finishing a project. Sometimes 
they’re very petty: I’m afraid I’ll finish it, and no one 
will think it’s any good; I’m afraid I'll finish it, and 
I won’t think it’s any good; I’m afraid [’ll finish it, 
and it will be good, but no one will recognize that. 
Just getting those reservations on a sheet of paper 
and maybe sharing them with someone can give you 
the freedom to go back to work on the project. 


DICHRISTINA: How about the idea of taking breaks 
in order to promote creativity? There’s the old 


he’d hold a spoon out over the edge and place a plate 
on the floor beneath the spoon. Just as he’d drift off 
to sleep, his hand would relax and the spoon would 
fall. The sound of the spoon hitting the plate would 
awaken him, at which point he’d grab a pad and 
sketch out interesting images he might have seen in 
the semisleep state. Thomas Edison used a similar 
technique to get ideas for his inventions. And the 
good news here is that we all experience this state— 
the so-called hypnagogic state. Think about how 
deliberate Dali and Edison were or about how de- 
liberate Julia’s techniques are. You don’t need to 
leave creativity to chance. 


DICHRISTINA: I think many people make the mistake 
of believing that there’s just no time to be creative, 
even to do something simple like paying attention to 
your thoughts and capturing them. 


EPSTEIN: Well, high tech is making this easier, fortu- 
nately. These days all you have to do to capture an 
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Face Your Fears 
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Take Breaks 


idea is to pick up your mobile device or memo re- 


corder or even just to leave a message for yourself 
on your voice mail. You can even capture new mel- 
odies that way. 


HOUTZ: This is where one’s style or various personal- 
ity traits might come into play. If I’m an internal 
person, I might enjoy the reflectivity and the quiet 
time and the incubation time. If I’m an external 
person, I might take my strength from interactions 
with others in a dynamic group that’s giving and 
taking and making lots of noise. 


DICHRISTINA: How about fostering creativity and 
maintaining it in children? What tips do you have 
for educators and parents? 


EPSTEIN: Well, all four of the basic creativity com- 
petencies can be taught to children. But when I’ve 
suggested to teachers that they set aside a few min- 
utes each week for creativity training, these days 
they tell me that’s impossible. This is an area where 
I see our society moving in the wrong direction— 
toward an obsession with raising scores on stan- 
dardized tests. 


CAMERON: I believe that creativity is contagious 
and that the best thing we can do for children 
is to model for them what it is like to be a crea- 
tive individual. 


HOUTZ: There is no legitimate reason why we can’t 
develop more creative problem solvers from nursery 
school on up. There are many techniques that could 
be introduced into the curriculum alongside the 


content domains. But, as Robert said, the emphasis 
right now is more political than educational. 


DICHRISTINA: How might we be able to challenge our 
children in small ways so that we’re at least keeping 
creativity alive at home? 


EPSTEIN: One thing I like to do is make all problems 
open-ended. Never say, give me three ideas for this; 
always say, give me at least three. When tasks are 
open-ended, a lot more ideas are generated. I also 
like to use what I call “ultimate” problems with 
kids. Those are problems that have no real solu- 
tions. Children have great fun with problems like 
those. Ask them questions like “How could you 
get a dog to fly?” or “How could you make the sky 
a different color?” You can also supply your kids 
with idea boxes and folders—special places for 
putting drawings and poems and scraps of any- 
thing new. That encourages capturing on an ongo- 
ing basis and tells children that their new ideas 
have value. 


HOUTZ: It’s also important to give children permis- 
sion to make decisions rather than always making 
decisions for them. 


DICHRISTINA: When my children have a question that 
I might be able to answer, I sometimes instead say, 
“Why don’t we find out?” Then I guide them 
through a process of discovering the answer for 
themselves. They sometimes find amazing ways to 
get there. Are we leaving anything out? 


EPSTEIN: Maybe just that there’s something both 
humbling and exhilarating about generating a new 
idea. I’m looking at Julia Cameron’s eyes right now, 
trying to imagine the extraordinary things she’s put 
on paper that have never been seen before by anyone 
in human history. I believe everyone has that kind 
of potential. Imagine that. M 


TEST YOUR CREATIVE COMPETENCIES 


@ To get a quick fix on your creativity competencies, 
take the Epstein Creativity Competencies Inven- 
tory at http://MyCreativitySkills.com 


@ If you are a manager or teacher, see if you have 
the skills you need to stimulate creativity in 
other people at http://MyCreativitySkills.com/ 
managers 
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CULTIVATING CHESTS 


ENGINES OF INNOVATION 


MOST OF HUMANITY NOW LIVES IN A METROPOLIS. 
THAT SIMPLE FACT HELPS TO FUEL OUR CONTINUED 
SUCCESS AS A SPECIES 

By Edward Glaeser 


FAST FACTS 
CREATIVITY HUBS 


@O Teleconferencing and 
virtual meetings of all stripes 
were supposed to spell the 
death of distance. Yet the 
city (home of more than 

half the human species) 
continues to flourish. 


@ Things seem to go better 
with closeness: a deal 

or relationship is often 

best sealed only with 

a handshake or a kiss. 


© The interchange of ideas 
that occurs in the gargantuan 
urban swells of the develop- 
ing world may help forge 

a pathway out of poverty. 
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rime, congestion and pollu- 
tion mar all cities, from Los 
Angeles to Mumbai. But an- 
other force trumps the draw- 
backs of urban living: cities bring 
opportunities for wealth and for the cre- 
ative inspiration that can result only from 


face-to-face contact with others. In fact, the crush 
of people living in close quarters fosters the kind 
of collaborative creativity that has produced some 
of humanity’s best ideas, including the industrial 
revolution and the digital age. In the years ahead 
such collaborations can be expected to help solve 
the world’s most pressing problems—poverty, en- 
ergy shortages, climate change—and to promote 
fundamental political transitions. 

Why do cities bring out the best in us? Tech- 
nology lets us hold virtual meetings, and the In- 
ternet keeps us in touch 24/7, but neither can bea 
substitute for the social cues—such as a facial ex- 
pression signaling comprehension or confusion— 
shared when people meet in an office, bar or gym. 
Cities deliver the random exchanges of insight 
that generate new ideas for solving the most in- 
transigent problems. [For more on this mecha- 
nism, see “Bigger Cities Do More with Less,” by 
Luis M. A. Bettencourt and Geoffrey B. West, on 
page 106.] Young workers, whether they are on 
Wall Street or in Google’s New York City offices, 
succeed by picking up unexpected bits of knowl- 
edge from the successes and failures of those 
around them. It has always been so. 

Think of the chain of brilliance that spread 
throughout the towns of 18th-century England 
and brought us the industrial revolution. The cru- 
cial technology for spinning with rollers started 
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Golden Prosperity 
Building, or the Jin Mao 
Tower, lords it over 
Shanghai's more than 
23 million residents. 


2 
G 
— 
zt 
is) 
= 
~ 
c 
je 
*] 
n 
N 
= 
° 
N 
©) 


Bee es<— \Byr 


104 


with Lewis Paul and John Wyatt in Birmingham, 
passed to John Kay and Thomas Highs, and then 
ended in the hands of Richard Arkwright, thanks to 
a discussion over a few drinks outside of Manches- 
ter. By supercharging the flow of ideas, cities foster 
economic prosperity, innovation, better health— 
and even new ways to govern ourselves. 


A Superhighway of Ideas 

The constant interchange of ideas has helped cit- 
ies throughout the developing world find a pathway 
out of poverty and into prosperity. Average incomes 
reach a level more than five times higher in countries 
that are mostly urbanized compared with those in 
which most of the population stays in the countryside. 
Across districts in India, mean individual earnings in- 
crease by about 20 percent as density doubles, even 
when individual age and education are constant. 

As hubs of global commerce, cities also facili- 
tate integration with the world economy. People in 
developing nations can become prosperous if they 
can sell their time—transformed into goods and ser- 
vices—to wealthy markets. In essence, cities con- 
nect poor countries with rich markets. 

One example is telling. N. R. Narayana Murthy, 
one of the billionaire founders of Indian software gi- 
ant Infosys, graduated in the 1960s from the Univer- 
sity of Mysore and the Indian Institute of Technology 
Kanpur, but in those years an Indian engineering de- 
gree could not guarantee a high income. Murthy start- 
ed working at Patni Computer Systems (later bought 
by iGate), whose founders had lived in the U.S. and 
understood how to work with the American appetite 
for software. The founders took their knowledge back 
to India and, joined by Murthy, set up a back-office 
operation in Pune to serve U.S. companies, thereby 
linking Indian talent and American markets. 

In 1981 they started their own software company 
and netted their first U.S. client in 1982. A year later 
they moved to Bangalore to work with a German 
spark-plug producer that wanted Infosys nearby. 
About 30 years on, Infosys isa flat-world phenomenon 
that has made billions of dollars for its founders and 
has trained thousands of Indians in Bangalore, help- 
ing them to become more prosperous by selling their 
engineering talents worldwide. That success has also 
rippled through the food chain in Bangalore to the 
service providers in local restaurants and taxis, which 
translates into jobs for thousands of other Indians. 

Another small-world sensation emerged not far 
from Hong Kong. Shenzhen had little industry before 
1980, when the People’s Republic of China made 
Shenzhen its first special economic zone intended as 
a magnet for foreign investment in manufacturing. 
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Tax breaks and exemptions from trade regulations 
encouraged such investment. Manufacturers were 
drawn by the opportunity to make goods with inex- 
pensive Chinese labor; workers came because facto- 
ry jobs offered far more economic opportunity than 
life in rural China. Pepsi was the first American com- 
pany to move into Shenzhen in 1982, bottling soda 
for Hong Kong consumers at a fraction of Hong 
Kong wages. Other international companies fol- 
lowed, making toys, handbags, sneakers and, ulti- 
mately, more sophisticated products. Today the area 
has more than 10 million people, and the McKinsey 
Global Institute, McKinsey & Company’s economic 
and research arm, predicts that it will be the world’s 
10th-largest urban economy by 2025. 


Healthy Ideas 

Cities can breed health as well as wealth. Life ex- 
pectancy in New York is now more than two years 
higher than the national average. It is not entirely 
clear why older New Yorkers are healthier. Some peo- 
ple credit walking; others talk about social connec- 
tions made possible by density. But among younger 
people, the reasons are no mystery. Motor vehicle ac- 
cidents and suicides are two primary killers of people 
younger than 35 years, and both are far less common 
in cities. In New York City the death rate from motor 
vehicle accidents is more than 70 percent lower than 
in the country as a whole. Taking the subway after a 
few drinks is just a lot safer than driving drunk. 

Cities can also make humankind healthier by 
producing knowledge. John Snow, a founder of epi- 
demiology, had his great breakthrough in 19th-cen- 
tury London, when the city itself provided the infor- 
mation he needed to understand cholera. By studying 
the urban map of a cholera outbreak, he was able to 
connect the disease to a water pump and grasp the 
connection between polluted water and infection. 
More recently, early breakthroughs in AIDS occurred 
when Parisian researchers perceived the pattern of in- 
fection within that city. The knowledge that cities can 
provide is often the best weapon against disease. 

The cities of the developing world are not yet 
healthy, in part because their governments have been 
unable to provide the basic infrastructure that cities 
need. Still, cities themselves may supply their own so- 
lutions. Often they are where the seeds of revolution 
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against bad government sprout, and living contigu- 
ously facilitates the coordination that enables citi- 
zens to create reform movements that rise up and 
oust dictators. Urban uprisings do not always end in 
stable democracies, but most stable democracies ben- 
efited at some time from an urban uprising. 

Europe’s first modern republic—the Nether- 
lands—had its roots in centuries of popular rebel- 
lions in the wool-making towns of Flanders, such as 
Brugge. In the central square of Brugge stands a stat- 
ue of a weaver and a butcher, urban artisans, who 
are celebrated not for their crafts but because they 
helped to organize their fellow guild members in the 
fight against French royal rule. On May 18, 1302, 
they organized an urban insurrection, now called the 
Brugge Matins, and massacred the French knights 
occupying their town. Almost two months later 
Brugge’s disciplined artisans and their allies demol- 
ished the flower of French chivalry at the Battle of 
the Golden Spurs. 

These victories did not produce a republican 
government for centuries, until the fire of the Ref- 
ormation, which had spread across the cities of 
northern Europe, added an extra religious reason 
to rebel. In 1556 the Low Countries had passed into 
the hands of the Spanish Hapsburgs, who attempt- 
ed to tax and regulate these urbanites. Cities once 
again managed to coordinate action: first, an orgy 
of iconoclasm and then full-fledged revolt. The up- 
rising took decades, and Flanders itself remained 
part of Spain, but the end result was an urban re- 
public—the Netherlands—that became the center of 
a global empire of trade and conquest and a model 
for many republics to come. 

The U.S.’s own uprising had its start in the dense 
corridors of 18th-century Boston, which connected 
revolutionaries-to-be such as Samuel Adams and 
John Hancock. Hancock had a commercial interest 
in getting crowds to agitate against British mercan- 
tilist policies; Adams knew how to conjure a crowd. 
Together they and their Bostonian allies—John Ad- 
ams, Paul Revere and many others—became the nu- 
cleus of a fight for popular sovereignty. 


The Facebook Revolution 

The ability of cities to spread ideas of freedom and 
to coordinate mass action has led to countless revolts 
since then, from Paris in 1789 to St. Petersburg, Rus- 
sia, in 1917 to Cairo in 2011. The toppling of former 
Egyptian president Hosni Mubarak has been called 
a Facebook revolution, but he would not have left if 
people had just blocked him from their Facebook pag- 
es. They needed to take to Tahrir Square. 

Humankind continues to confront enormous 


Urban centers 
worldwide attract 

elite workforces 
whose collaborative 
creativity generates 
some of our best ideas. 


challenges, from endemic poverty to global warm- 


ing, but the track record of our urban species makes 
me optimistic. I have enormous confidence in the 
ability of Homo sapiens to work miracles when peo- 
ple cooperate. Our greatest gift is our ability to learn 
from one another, to work together, to solve prob- 
lems by leveraging our collective intelligence. 

The new electronic media can facilitate that col- 
laborative process, but so does the face-to-face con- 
tact that is made possible by the physical proximity 
afforded by cities. Cities have been solving our spe- 
cies’ principal challenges for millennia, and they are 
likely to keep on doing so for centuries to come. M 


MORE TO EXPLORE 


@ The Rise of the Skilled City. Edward L. Glaeser and Albert Saiz 
in Federal Reserve Bank of Philadelphia Working Papers, 2003. 
http://ideas.repec.org/p/fip/fedpwp/04-2.html 


@ Triumph of the City: How Our Greatest Invention Makes Us Richer, Smart- 
er, Greener, Healthier and Happier. Edward Glaeser. Penguin Press, 2011. 


@ Acollection of papers by Glaeser on his Harvard University Web site: 
http://scholar.harvard.edu/glaeser/publications 


@ Read a chapter from Glaeser’s book, Triumph of the City: 
www-.scientificamerican.com/article/glaeser-triumph-of-the-city-excerpt 
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MORE C 


or centuries people have painted cities as unnatural 

human conglomerations, blighted by pathologies 

such as public health crises, aggression and exor- 
bitant costs of living. Why, then, do people through- 
out the world keep leaving the countryside for the 
town? Research that has been forming a multidisciplinary science 
of cities is beginning to reveal the answer: cities concentrate, ac- 
celerate, and diversify social and economic activity. 

The numbers show that urban dwellers produce more inven- 
tions and create more opportunities for economic growth. Of- 
ten large cities are also the greenest places on the planet because 
people living in denser habitats typically have smaller energy 
footprints, require less infrastructure and consume less of the 
world’s resources per capita. Compared with suburban or rural 
areas, cities do more with less. And the bigger cities get, the more 
productive and efficient they tend to become. 


The Power of Population 

This new, more quantitative science of cities is becoming 
possible because of the increasing availability of information— 
official statistics as well as novel measures of human and social 
activity—on cities and metropolitan areas worldwide. 

By sifting through this flood of data, covering thousands of 
cities around the world, we have unveiled several mathematical 
“laws” that explain how concentrating people in one place affects 
economic activity, return on infrastructure investment and social 
vitality. Despite the rich diversity of metropolitan regions across 
the U.S., China, Brazil and other nations, we found a remarkable 
universality in the way that socioeconomic characteristics increase 
witha city’s population. For example, if the population ofa city is 

_ doubled, whether from 40,000 to 80,000 or from four million to 


FAST FACTS 
DENSITY DRIVES CREATIVITY 


@ Recent research shows that the bigger a city gets, the more 
innovative and efficient its residents become. 


@ Increased population promotes more intense and frequent social 
interactions, and cities with a culture of entrepreneurship and 
excellence are most successful at capitalizing on these interactions. 


© Although urban expansion does not come without growing pains, 
many of civilization’s greatest inventions, such as plumbing and 
electricity, have arisen from the need to accommodate rapidly 
swelling urban populations. 
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By Luis M. A. Bettencourt and Geoffrey B. West 


eight million, we systematically see an average increase of around 
15 percent in measures such as wages and patents produced per 
capita. If eight million people all live in one city, each person’s eco- 
nomic output will typically be about 15 percent greater than if the 
same eight million people lived in two cities of half the size. We 
call this effect “superlinear scaling”: the socioeconomic proper- 
ties of cities increase faster than a direct (or linear) relation to their 
population would predict [see illustration on opposite page|. 
The data also reveal that cities’ use of resources follows a sim- 
ilar, though inverted, law. When the size of a city doubles, its ma- 
terial infrastructure—anything from the number of gas stations 
to the total length of its pipes, roads or electrical wires—does not. 
Instead these quantities rise more slowly than population size: a 
city of eight million typically needs 15 percent less of the same in- 
frastructure per capita than do two cities of four million each. 
This pattern is referred to as sublinear scaling. On average, the 
bigger the city, the more efficient its use of infrastructure, lead- 
ing to important savings in materials, energy and emissions. 
Our findings also show that these patterns of increased pro- 
ductivity and decreased costs hold true across nations with very 
different levels of development, technology and wealth. Although 
we have much more information for cities in richer parts of the 
world, we are beginning to obtain good data from rapidly devel- 
oping countries as well, and they seem to fit the same mold. 
Although urban superlinear scaling prevails around the 
globe, actual cities deviate to varying degrees from the roughly 
15 percent enhancements per capita that come with size. De- 
tailed data covering 40 years show, for example, that San Fran- 
cisco and Boston are richer than their size would indicate, 
whereas Phoenix and Riverside, Calif., are somewhat poorer. 
Curiously, these deviations persist for decades: cities tend to stay 
remarkably close to their overperforming or underperforming 
histories. For example, cities that have attempted to become the 
“next Silicon Valley” have often had disappointing results. Our 
research suggests that certain intangible qualities of social dy- 
namics—more than the development of material infrastruc- 
ture—hold the key to generating virtuous cycles of innovation 
and creation of wealth. These processes, such as the develop- 
ment of a spirit of local entrepreneurship, a reputation for cut- 
ting-edge novelty, and a culture of excellence and competitive- 
ness, are difficult to design through policy because they rely on 
the dynamics of a city’s social fabric across many dimensions. 
What we can say with certainty, however, is that increased 
population promotes more intense and frequent social interac- 
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tions, occurrences that correlate with higher rates of productivi- 
ty and innovation, as well as economic pressures that weed out 
inefficiencies. In a city with high rents, only activities that add 
substantial value can be profitable. These economic pressures 


push urbanites to come up with new forms of organizations, 
products and services. In turn, higher profitability, excellence 
and choice tend to attract more talent to the city, pushing rents 
higher still, fueling the need to find yet more productive activi- 
ties. This feedback mechanism, ina nutshell, is the principal rea- 
son cities accelerate innovation. 


Denser but Greener 

Although cities create economic opportunities in rich and 
poor countries alike, people living in wealthier areas find it diffi- 
cult to imagine why so many inhabitants of poor countries are 
attracted to cities such as Nairobi, Lagos or Mumbai, where new- 
comers often end up in slums marked by pollution, crime and dis- 
ease. These appalling conditions, however, should remind resi- 
dents in developed nations of their own urban past. When Charles 
Dickens wrote about life in mid-1800s London or when Jacob 
Riis photographed the Bowery district of New York City’s Low- 
er East Side in the late 1800s, each was reporting similar circum- 
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stances. These cities grew explosively during the 19th century— 
sevenfold for London and almost 60-fold for New York. Well- 
run modern cities have demonstrated that pervasive ills are not 
inescapable. The problems result primarily from nonexistent or 
poor planning anda lack of good governance. The development 
of these organizational traits may, in fact, be the most impor- 
tant and long-lasting effect of urbanization because it paves the 
way for socioeconomic development at the national level. 

Some benefits besides wealth and innovation come about 
even when not legislated. One notable example is the impact of 
cities on the environment. Quality data are only now beginning 
to emerge, but we can already see that the largest U.S. cities have 
the lowest carbon dioxide emissions per capita. This gain is 
mostly an unplanned by-product of people living at greater den- 
sities because the bulk of the savings comes from energy-efficient 
public transportation and simple walking instead of driving. 

Environmental efficiency becomes more challenging for de- 
veloping nations such as India or China, where much urban infra- 
structure still needs to be built. Still, urbanization may be the most 
sustainable solution to our planet’s environmental challenges. 

Unbridled growth can nonetheless create crises that, in the 
extreme, could cause a city to collapse unless major innovations 
are found to stimulate new cycles of growth. In this sense, cities 
are never ina state of stable equilibrium. They exist ina dynam- 
ic balance—a kind of tug-of-war—between the forces that bind 
them together and those that can potentially tear them apart. 
That tension is another reason cities drive innovation: many of 
civilization’s greatest inventions have come from dire necessi- 
ties. Just think of plumbing, electricity and even democracy— 
not to mention coffee shops. 

The ongoing challenge for urban growth is whether human 
creativity can keep innovating sufficiently fast to sustain ever ex- 
panding urban populations while decreasing our per capita con- 
sumption of resources and impact on the planet. As long as this 
trend can continue, cities will grow ever larger and will be the in- 
evitable future of a more creative and prosperous humanity. M 
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Alamos National Laboratory. They have introduced methods from 
mathematics and physics into biology and the social sciences. 


Greater population means greater dividends. Studies comparing 
metropolitan areas (orange cubes are U.S. data) show that, on 
average, larger cities produce more wealth and innovation per 
capita than smaller ones do. As city population increases 
(left to right), wages (horizontal plane) and patents (vertical 
plane) rise even faster. If these indicators grew only at the 
‘ same pace as population (direct proportionality), 
{Ann nnn® the cubes would align closer to the blue line. 
Atypical example: the St. Louis and Baltimore 
areas, with about 2.5 million inhabitants each, 
generate combined wages of $118 billion, yet Dallas, 
at five million people, has $130 billion in wages. 
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SWITCHING ON CREATIVITY 


THE EXTRAORDINARY ABILITIES OF SAVANTS HAVE INSPIRED 
A BRAIN-STIMULATION TECHNIQUE FOR ENABLING CREATIVE INSIGHT 


By Allan W. Snyder, Sophie Ellwood and Richard P. Chi 


FAST FACTS 
OPENING THE MIND 


O People with savant 
syndrome, who possess 
great skill in specific areas, 
seem to have a more literal, 
less filtered cognitive style 
than most people. 


@ A savant may have dys- 
function in the normally dom- 
inant left hemisphere of the 
brain, which the right hemi- 
sphere compensates for. 


© Using noninvasive brain 
stimulation, scientists are 
attempting to induce this 
pattern of brain activity, so 
as to produce a less filtered 
cognitive style and to access 
a different way of looking 

at a given problem. 


Photoillustration by William Duke 


great idea comes all of a sudden. In the depths of 

the mind, networks of brain cells perform a sublime 

symphony, and a twinkle of insight pops into con- 

sciousness. Unexpected as they are, these lightbulb 

moments seem impossible to orchestrate. Recent studies 

suggest otherwise. By freeing the mind of some of its inhibitions, 
we might improve creative problem solving. 

The human brain constantly filters thoughts and feelings. Only a small frac- 
tion of the stimuli impressed on us by our environment ascends to the level of con- 
scious awareness. Prior learning enforces mental shortcuts that determine which 
sensations are deemed worthy of our attention. Our laboratory has investigated 
whether we can weaken these biases and boost openness to new ideas by tempo- 
rarily diminishing the neural activity in specific brain areas. 

The inspiration for this approach came from individuals with brain impair- 
ment. People with savant syndrome—those rare individuals who possess uncan- 
ny skill in specific, circumscribed domains while struggling in others—appear 
to show a pattern of left-hemisphere dysfunction with a tendency for right-hemi- 
sphere dominance. We theorize this arrangement renders their mental filters less 
powerful than those in normal, healthy adults. 

Genius, rare as it is, must demand a qualitatively different view of the world 
than what most of us experience. Austrian physician Hans Asperger, whose 
name is associated with the eponymous condition formerly used to describe mild 
forms of autism, suggested that “a dash of autism” might set brilliant minds 
apart. We have investigated this hypothesis by using weak electric current to 
modulate brain activity in healthy people in our lab. The effects fade in an hour, 
preserving normal cognition. This method of brain stimulation is safe and por- 
table, suggesting the possibility of a device—a “creativity cap”—that anyone 
might use to spur creativity on demand. 


Limited by Mindsets 

The brain does not passively receive information. It actively interprets what 
we think of as our raw experience in light of past knowledge. Two people look- 
ing at the same cloud formation, for example, may form completely different im- 
pressions of the patterns in the vapor: the ultrasound technician may see a dis- 
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eased gallbladder, whereas the portrait 


painter may observe a dignified face. 
Mindsets are crucial. They allow us 
to predict likely outcomes based on in- 
complete information and to negotiate 
day-to-day activities efficiently. Without 
them, we would see the world naively, un- 
able to distinguish between important 
and irrelevant details. This cognitive ar- 
chitecture also leaves us susceptible to er- 
rors, however, including illusions, false 


” Bees’ 


6 6 we ewe eng 


tee 
Ss: 


Sa? 
~ 


memories and prejudice. Mindsets make 
us less receptive, perhaps even resistant, 
to novel interpretations. Once a mindset 
is formed, we lose conscious access to the 
stimuli that make up a thought. For ex- 
ample, read this passage: 


A bird in the 
hand is worth 
two in the 


the bush 


Stephen Wiltshire, an artist with autism, 
can produce faithful recreations of intricate 
scenes after viewing them for only a short 
time. Such unusual skills may offer clues to 
inspiring creativity more broadly. 


Many readers fail to spot the double 
“the.” The late neurologist Oliver Sacks 
read the sentence in our lab many times 
without detecting it. Humans are instinc- 
tively conceptual, not literal, thinkers. 

We argue that creative insight re- 
quires two cognitive styles—one ap- 
proach is mindset-driven, and one grants 
us an unfiltered experience of the world 
around us. We would like to access per- 
ceptual details usually hidden from con- 
scious awareness, potentially unlocking 
the genius within us all. 


A Dash of Autism 

A clue for achieving this goal comes 
from savants, most of whom fall on the 
autism spectrum. Savant skills some- 
times appear in early childhood; other 
times they emerge after damage to the 
brain. These abilities tend to call on a 
less conceptual, more literal way of 
thinking. For example, when the teach- 
er of a boy with infantile autism asked 
him to recall the ending of a particular 
book, he recited the last page verbatim 
but showed no comprehension of its 
gist. Although in the extreme this cog- 
nitive style is a setback in daily life, it 
can also confer a range of advantages, 
including superior drawing abilities and 
a reduced susceptibility to illusions and 
false memories. 

Stephen Wiltshire, for instance, is a 
British artist with autism who has been 
able to produce spectacularly detailed 
drawings from a young age. He can 
draw with photographic realism, in 
minute detail, whereas most adults tend 
to draw according to their internal 
schemas, producing crude but mean- 
ingful caricatures. In our view, Wilt- 


THE ABRUPT EMERGENCE OF AUTISTICLIKE COGNITIVE ABILITIES IN 
ACQUIRED SAVANT SYNDROME POINTS TO THE POSSIBILITY THAT 
THESE SKILLS ARE LATENT IN US ALL BUT ARE BEYOND CONSCIOUS ACCESS. 
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shire and others like him have privi- 
leged access to more raw, less processed 
information about the world. This lit- 
eral cognitive style appears to allow a 
person to work bottom up, from the 
parts to the whole. 

A number of studies suggest that 
savants have some form of left-hemi- 
sphere dysfunction, together with 
right-hemisphere facilitation. (Typical- 
ly damage to one hemisphere of the 
brain incites compensatory activity in 
the other half.) This characteristic can 
be observed from early childhood or af- 
ter an injury, stroke or dementia dam- 
ages the left hemisphere. Some of these 
impairments occur in a brain area of 
particular interest to us, the left anteri- 
or temporal lobe. This region is known 
to be involved in semantic memory, 
which includes the ability to categorize 
or combine concepts—in essence, filter- 
ing thoughts. Neurologist Bruce Miller 
of the University of California, San 
Francisco, for example, has document- 
ed multiple cases of dementia in which 
degeneration in the left anterior tempo- 
ral lobe is associated with the sudden 
emergence of savantlike literal skills. 
Some of his subjects began producing 
realistic art—meticulous copies of 
scenes lacking abstract or symbolic fea- 
tures—without training. 

Acquired savant skills are not re- 
stricted to drawing. T. L. Brink, then at 
the Palo Alto School of Professional Psy- 
chology, described the case of Mr. Z, 
who as a nine-year-old child suffered a 
gunshot wound to the left temporal 
lobe. He lost the ability to read and write 
but suddenly gained extraordinary me- 
chanical skills; for example, he discov- 
ered he could dismantle and reassemble 
multigear bicycles without instruction. 
Another case is Orlando Serrell, whom 
we have studied, who was hit on the left 
side of his head with a baseball when he 
was 10. He has exhibited savant skills in 
calendar calculation—the ability to 
swiftly discern the day of the week that 
a given date falls on—and in literal recall 
of the weather every day since his acci- 
dent. The abrupt emergence of autis- 
ticlike cognitive abilities in acquired sa- 


A BOOST FROM BRAIN STIMULATION 


Words to Remember 


orchestra 
instrument eres 
symphony 
band 
sing rhythm 
note 
piano 


Test Words 

Seen before instrument 
orchestra 
band 

Not seen before thimble 

(dissimilar) palace 
crayon 

Not seen before music 

(critical lures) concert 
melody 


In one experiment, participants were shown a list of words. Later they were shown 
another list and asked which words they had seen earlier. The use of transcranial 
magnetic brain stimulation improved subjects’ ability to distinguish between words 
they had already seen and closely related but absent words—the critical lures. 


vant syndrome points to the possibility 
that these skills are latent in us all but 
are beyond conscious access. 


Finding Our Inner Savant 

Intriguingly, recent evidence suggests 
we need not wound ourselves to access 
this altered cognitive state. We can quiet 
neuronal activity in the left hemisphere 
for brief periods using well-accepted 
forms of noninvasive brain stimulation. 
Many studies have shown that such stim- 
ulation can temporarily either inhibit or 
enhance neuronal activity in targeted 
areas. These techniques are now being 
explored for numerous applications, in- 
cluding the treatment of depression, eat- 
ing disorders and speech impairments, 
among many others. 

We started by investigating trans- 
cranial magnetic stimulation, a method 
in which a powerful magnet, positioned 
over a well-defined part of the brain, in- 
terferes with the normal flow of current 
in nearby neurons. The magnetic field 
disrupts the firing patterns of estab- 
lished networks of brain cells, whose 
connections were forged through a life- 
time of learning. By targeting specific 
areas of the brain involved in synthesiz- 
ing high-level concepts, we hope to re- 
duce the influence of prior knowledge. 
In published studies so far, we have 
been able to enhance several skills in or- 
dinary humans, including drawing, 


proofreading, numerosity estimation 
(counting the number of items, such as 
matchsticks, in a group) and verbal 
memory. The device needed to deliver 
this kind of stimulation is bulky and ex- 
pensive, however. 

A more promising approach is 
called transcranial direct-current stim- 
ulation (tDCS). This method is a safe, 
simple way to alter the likelihood that 
networks of neurons near the surface of 
the brain will fire. In our setup, a weak 
electric current passes between two 
electrodes, a cathode and an anode, 
placed on the scalp over the left and 
right anterior temporal lobes, just 
above the ears. At the cathode, the un- 
derlying neurons become less likely to 
fire, and vice versa for the anode. This 
dose of current alters the behavior of 
neurons for about an hour, a temporary 
window during which recipients can 
access a different cognitive style. 
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Boosting Brilliance 

Ina 2011 study using our apparatus, 
we asked 60 right-handed participants 
to solve a series of matchstick arithmetic 
“insight” problems. An erroneous arith- 
metic statement, spelled out in Roman 
numerals using matchsticks, must be 
corrected by moving one matchstick. 

Participants were first given 27 
problems that all involved one type of 
solution, namely changing an “X” toa 
“V.” The goal was to prime the subjects 
to become fixed in one way of solving 
problems. Once people have learned to 
solve a problem, past research has 
shown, they often struggle to generate 
solutions using a different approach. As 


RECT CURRENT ALTERS THE 
RING WHICH TIME WE CAN 


economist John Maynard Keynes put it, 
“the difficulty lies not in grasping the 
new ideas but rather in escaping from 
the old ones.” 

The participants then received five 
minutes of DC stimulation. For one 
third of the group, we placed the cath- 
ode on the left anterior temporal lobe (to 
decrease the likelihood of neurons firing 
in that area) and the anode on the right 
anterior temporal lobe (to boost the 
chances of neuronal activity there). For 
another 20 participants, we switched 
the cathode and the anode. The final 
third received sham stimulation. 

Next the subjects had six minutes to 
solve another problem. This task re- 
quired a different kind of solution. As we 
had expected, many people were stuck. 
Yet 60 percent of those in the group that 
received stimulation according to our 
parameters solved the problem. Only 
20 percent of those in the placebo group 
solved the new problem, and reversing 
the direction of stimulation did not have 
a significant effect on performance. 

We did a follow-up study to ensure 
that our results were not a fluke. This 
time we used a notoriously difficult 
task—the classic nine-dots problem. The 
goal is to connect all nine dots with four 
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Solving the nine-dots problem (shown here) 
requires letting go of the idea that the dots 
form the border of an imaginary grid. 


straight lines, drawn without lifting pen 
from paper or retracing a line. A century 
of research has established that in the 
lab setting, at most 5 percent of partici- 
pants manage to crack it, and very likely 
fewer manage to do so. Most people fail 


to decipher it even with hints and plenty 
of time. The reason is that the problem 
activates seemingly relevant prior 
knowledge that obstructs the solution. 
We tend to see the dots as a square, with 
rigid boundaries. Solving the puzzle re- 
quires the examinee to do away with 
false constraints and view the problem 
in a new light. 

Subjects were given three opportuni- 
ties to solve the nine-dots problem: they 
tackled it for three minutes before brain 
stimulation, three minutes during stimu- 
lation and three minutes immediately af- 
ter the current was turned off. None of 
our participants solved the problem be- 


MORE TO EXPLORE 


fore stimulation or in the sham condition. 
Yet 14 out of 33 individuals did so asa re- 
sult of receiving stimulation at the ante- 
rior temporal lobes according to our pro- 
tocol. We calculated that the probability 
that this fraction of people could solve it 
by chance is less than one in a billion. 
Many questions remain unanswered, 
of course. The precise effects of tDCS in- 
side the brain are not completely under- 
stood, so mechanisms other than the ones 
we theorize might explain our results. 
The outcome of DC stimulation also de- 
pends on various factors, including which 
hemisphere is dominant and what the 
recipient’s mental state is. Furthermore, 
problems are often difficult in multiple 


BEHAVIOR OF NEARBY NEURONS FOR ABOUT AN HOUR, 
ACCESS A DIFFERENT COGNITIVE STYLE. 


ways, and tDCS may only help with over- 
coming one of the many bottlenecks. 

We want to emphasize that our ap- 
proach aims not to enhance an existing 
ability but to reduce the limitations of 
prior knowledge. This type of cognitive 
enhancement is qualitatively different 
from what scientists normally seek to 
develop. Ultimately our goal is to devel- 
op a device that circumvents mental 
blocks to creativity. Having at our dis- 
posal two approaches—the usual way of 
thinking and the autistic focus on de- 
tail—could facilitate the ability to make 
truly novel connections, which is the es- 
sence of creative genius. M 
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